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RESUMO

BLAINSKI, A. 2016. Controle de Qualidade Farmacognostico com Analise Cromatogréafica
Quantitativa, Planejamento Estatistico de Misturas com Avaliacdo Antibacteriana e Estudos
Fitoquimicos de Limonium brasiliense (Baicuru). Tese de Doutorado. Programa de Pds-graduacdo em
Ciéncias Farmacéuticas, Universidade Estadual de Maringa.

Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae), conhecida como baicuru, € uma planta
nativa do litoral sul do Brasil e da regido do rio da Prata. Seus rizomas sdo empregados principalmente
no tratamento de tensdo pré-menstrual, distdrbios menstruais e infec¢bes geniturinario. Estudos
prévios reportam a presenca de substancias fenolicas, taninos e flavonoides, em grande concentracéo
no género Limonium. Os dltimos trabalhos revelam efeito do tipo antiestrogénico em ratas Wistar
imaturas e baixa toxicidade em modelos de estudos ndo clinicos (in vivo em ratos Wistar). Pelo
presente trabalho, dados de controle de qualidade farmacogndstico de trés diferentes coletas foram
comparados a fim de colaborar com a determinacdo de parametros de qualidade minimos para esta
espécie. Foram analisados pardmetros farmacopeicos e ndo farmacopeicos, tais como: granulometria
dos poés (dso=0,21 a 0,48 mm), perda por dessecacao (11,1% a 12,4%), cinzas totais (4,9% a 5,7%),
residuo seco por extragdo com acetona:agua (7:3, v/v) (30,6% a 39,5%), teor de polifendis totais (8,5%
a 15,8%) e perfil cromatogréfico por cromatografia liquida de alta eficiéncia (CLAE). O extrato bruto,
assim como as fracGes acetato de etila e aquosa demonstraram potencial antioxidante (1Cso= 6,87, 5,91
e 6,92 ug/mL, respectivamente). O perfil cromatografico foi obtido por cromatografia em camada
delgada, assim como por CLAE a partir de método desenvolvido e validado para a separagdo de
polifendis e quantificagdo de galocatequina (GC) e epigalocatequina (EGC) na fragdo acetato de etila.
Os dados mostraram que o método analitico é especifico, preciso e exato. O planejamento estatistico
de misturas (centroide simplex) para avaliar a influéncia dos solventes de extragcdo (agua, metanol,
acetona e etanol) demonstrou, considerando os dados do experimento confirmatério realizado com
extracdo acetona agua (7:3, v/v), que modelos estatisticos podem ser utilizados para prever a
quantidade de polifendis totais e GC de qualquer mistura desses quatro solventes. Entretanto, para
residuo seco, ndo foi possivel determinar um modelo preditivo mesmo ap6s avaliagdo do modelo
cubico completo e, para EGC, os dados mostram maior seletividade (cerca de 20 vezes) da agua para
fendis de menor massa molecular. Os resultados demonstram uma variedade de respostas: 0 maior teor
de residuo seco foi para a mistura ternaria dgua:acetona:etanol (36,6%+0,96 [2,6%]); para teor de
polifendis totais foi a mistura primaria acetona pura (37,5%z=0,46 [1,2%]) e a 4gua pura apresentou o
maior teor de GC e EGC (7,9%0,39 [5,0%] e 19,6%=0,69 [3,5%], respectivamente). A analise de
componente principal e analise de agrupamento hierarquica dos cromatogramas foram prejudicadas
pelo deslocamento do tempo de retencdo de alguns picos, entretanto as analises do espectro de
ultravioleta de cada pico do cromatograma indica a presenca homogénea de flavan-3-ols
caracteristicos de taninos. A analise por espectrometria de massas (LC-DAD-MS) confirmou a
presenca de &cido galico, galocatequina, epigalocatequina, e prodelfinidinas-galato. Os extratos brutos,
assim como as fragdes acetato de etila de cada um deles, produzidos pelo centroide simplex foram
testados quanto ao potencial antibacteriano in vitro contra cepas de Staphylococcus aureus resistente a
meticilina (MRSA), Enterococcus faecium resistente a vancomicina (VREfm) e Klebsiella
pneumoniae produtora de carbapenemase (KPC). As fragBes acetato de etila apresentaram maior
potencial do que os extratos brutos, em especial as obtidas a partir da mistura ternaria
agua:acetona:etanol contra VREfm (MIC = 19 ug/mL) e a partir de metanol:acetona:etanol contra
MRSA (MIC = 39 pg/mL). A atividade moderada foi notada contra KPC (MIC = 625 pg/mL) com
diferentes amostras. O estudo fitoquimico possibilitou o isolamento e identificacdo de substancias
fendlicas, tais como miricetina-3-O-a-L-ramnosideo, miricetina-3-O-B-D-galactosideo-6-galato,
galocatequina, epigalocatequina, epigalocatequina-3-O-galato, epigalocatequina-3-O-galato-(4p—8)-
epigalocatequina-3-O-galato e mondmeros e dimeros do tipo B duplamente ligados, como
epigalocatequina-3-O-(2'—>0—4")-galato, epigalocatequina-3-O-(2'—0—3")-galato (4p—38)
epigalocatequina-3-O-galato e samarangenina B.

Palavras—chave: Limonium brasiliense, CLAE/UV-Vis, centroide simplex, bactérias multi-resistentes,
RMN de taninos, controle farmacognostico.



ABSTRACT

BLAINSKI, A. 2016. Pharmacognostic Quality Control with Quantitative Chromatographic Analyses,
Statistical Mixture Design with Antibacterial Evaluation and Phytochemical Study of Limonium
brasiliense (Baicuru). Doctorate’s Thesis. Programm of Post-graduation in Pharmaceutical Science,
University of Maringa.

Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae), known as baicuru, is a native plant of the
south coast of Brazil and the region of Rio da Prata. Its rhizomes are employed mainly in the
treatment of premenstrual syndrome, menstrual disorders and genitourinary infections. Previous
studies have reported a large concentration of the phenolic compounds, tannins and flavonoids in the
genus Limonium. The latest works show antiestrogen effect in immature female rats and low toxical
effect in non-clinical models. In present work, pharmacognostic quality control data from three
different materials were compared in order to collaborate with the determination of minimum quality
parameters for this species. It was analyzed pharmacopoeial and non- pharmacopoeial parameters such
as: particle size (dso = 0.21 to 0.48 mm), loss on drying (11.1% to 12.4%), total ash (4.9% to 5.7%),
dry residue from acetone:water (7:3, v/v) extract (30.6% to 39.5%), total polyphenol content (8.5% to
15.8%) and chromatographic fingerprint by high performance liquid chromatography (HPLC). The
crude extract and its ethyl acetate and aqueous fractions shown a good antioxidant potential (ICso =
6.87, 5.91 and 6.92 pg/mL, respectively). The chromatographic fingerprint was obtained by thin-layer
chromatography and by HPLC from a developed and validated method for the separation of
polyphenols and quantification of gallocatechin (GC) and epigallocatechin (EGC) in ethyl acetate
fraction. The analytical method was specific, precise and accurate. The statistical mixture design
(simplex centroid) evaluated the influence of the solvents (water, methanol, acetone and ethanol). A
confirmatory experiment was tested with acetone:water (7:3, v/v). Statistical models can be used to
predict the total polyphenols and GC content. For dry residue, it was not possible to determine a
predictive model even after testing the full cubic model. For EGC, there is a higher (about 20 fold)
selectivity of water for phenols of lower molecular weight. The simplex centroid results showed
variety response: the highest dry residue was provided for water:acetone:ethanol mixture (36.6%=0.96
[2.6%]), polyphenols content for pure acetone (37.5%+0.46 [1.2%]) and gallo- and epigallocatechin
for pure water (7.9%+0.39 [5.0%] and 19.6%=0.69 [3.5%], respectively). Principal component and
hierarchical clustering analysis of the chromatographic fingerprints were disturbed by displacement
retention time of some peaks, but the ultraviolet spectra from each peaks indicate the presence
homogeneously of flavan-3-ols characteristic to tannins. The mass spectrometry analysis (LC-DAD-
MS) confirmed the presence of gallic acid, gallocatechin, epigallocatechin and prodelphinidins gallate.
Besides, the extracts produced by simplex centroid were tested for activity against to Vancomycin
Resistant Enterococcus faecium (VREfm), Methicillin Resistant Staphylococcus aureus (MRSA) and
Klebsiella pneumoniae Carbapenemase (KPC)-producing K. pneumoniae. The ethyl acetate fractions
showed better potential than crude extracts, in special from the ternary extracts of
water:acetone:ethanol against VREfm (19 pg/mL) and of methanol:acetone:ethanol against MRSA (39
pg/mL). A moderate activity was noted against KPC from different ethyl acetate fractions (625
pg/mL). The phytochemistry study enabled the isolation and identification of phenolic substances,
such as myricetin-3-O-a-L-rhamnoside, myricetin-3-O-p-D-galactoside-6-gallate, gallocatechin,
epigallocatechin, epigallocatechin-3-O-gallate, epigallocatechin-3-O-gallate-(4—8)-epigallocatechin-
3-O-gallate and monomers and B-Type dimers with doubly bonded structures as epigallocatechin-3-O-
(2—=0—4")-gallate, epigallocatechin-3-O-(2'—>0—3")-gallate (4f—8) epigallocatechin-3-O-gallate
and samarangenin B.

Keywords: Limonium brasiliense, HPLC/UV-Vis, simplex centroid, multidrug-resistant bacteria,
NMR of tannins, pharmacognostic control.
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1 INTRODUCAO




O estudo das plantas medicinais remonta praticamente ao principio da evolugdo do homem
sobre a terra. O homem pré-histérico observava o comportamento dos animais na hora de curar suas
feridas ou diminuir sofrimentos. Destas observacdes deu-se inicio ao processo instintivo e empirico de
caracterizacao de diversas plantas e seus efeitos, permitindo ao homem discernir quais delas possuiam
efeitos medicinais e quais possuiam efeitos toxicos (ALONSO, 1998). Em pesquisa recente, verificou-
se evidéncias de que o homem-de-neandertal (existentes até cerca de 24 mil anos atras) utilizava
vegetais na pratica medicinal. As anélises de micro-fésseis de plantas presas na arcada dentéaria de
cinco individuos provenientes do sitio arqueoldgico de EI Sidron, norte da Espanha, sdo as primeiras
evidéncias do consumo de vegetais cozidos e uso de plantas medicinais pelos neandertais dessa regido
(HARDY et al., 2012).

As praticas fitoterapicas estdo presentes em toda trajetdria evolutiva do homem. Os gregos
antigos j& ordenavam as intervengdes médicas em: 1° a palavra; 2° a planta e 3° a faca (HEIDE, 1996).
Somente em tempos recentes, com 0s avangos cientificos e tecnoldgicos, é que a utilizacdo de
produtos naturais cedeu espaco ao emprego de outras terapias, como medicamentos alopaticos, que
surgiram somente apds 1897, com o desenvolvimento do primeiro farmaco sintético, a aspirina
(SCHMIDT, 2008). Até nas culturas mais antigas, procedeu-se a coleta metodoldgica e cientifica de
informacBes sobre ervas medicinais para o desenvolvimento de farmacopeias. Grande parte das
farmacopeias cientificas deriva de tradi¢cGes de povos nativos. Além disso, as farmacopeias modernas
contém pelo menos 25% de farmacos derivados de plantas e muitos outros que sdo analogos sintéticos
de substancias isoladas destas (FARNSWORTH et al., 1985; ASTIN, 1998).

A maioria da populacdo dos paises em desenvolvimento utiliza as plantas medicinais para
satisfazer suas necessidades em saude, sendo frequentemente empregadas em servicos primarios e
atendimento basico. Dados da Organizacdo Mundial da Saude (OMS) revelam que cerca de 80% da
populagdo mundial utiliza primariamente plantas medicinais como recurso terapéutico. O consumo de
plantas medicinais em paises subdesenvolvidos, por vezes incentivado pela auséncia de alternativas
econbmicas viaveis, é consideravelmente elevado quando comparado as sociedades industrializadas,
nas quais o uso de medicamentos fitoterapicos é em torno de 30% (WHO, 1998; HANSEN et al.,
2006; VEIGA-JUNIOR, 2008; STANGE, 2014).

Por outro lado, ha um crescente interesse pelo desenvolvimento de fitoterapicos, neste
contexto destacam-se as agdes governamentais como a aprovagao pelo governo brasileiro da Politica
Nacional de Plantas Medicinais e Fitoterapicos (BRASIL, 2006) e elaboracdo do Programa Nacional
de Plantas Medicinais e Fitoterdpicos, que visam melhorar o acesso da populacéo a plantas medicinais
e fitoterapicos, a inclusdo social e regional, ao desenvolvimento industrial e tecnoldgico, a promogéo
da seguranca alimentar e nutricional e o uso sustentavel da biodiversidade brasileira e da valorizacéo e
preservacdo do conhecimento tradicional associado (BRASIL, 2009). Além disso, no Brasil existe

regulamentacao especifica para o registro de fitoterapicos desde 1967, pela Portaria n° 22/1967, a qual



ja apresentava, embora com menor detalhamento, os aspectos essenciais exigidos quanto & qualidade,
eficacia e seguranga. Algumas normas sucederam essa portaria e representaram marcos regulatorios,
como a RDC n° 17/2000, que introduziu o conceito do uso tradicional (NETTO et.al, 2006) e mais
recentemente a publicacdo da RDC n° 26/2014, que distingue os fitoterdpicos em duas categorias, 0
Medicamento Fitoterapico (MF) e o Produto Tradicional Fitoterapico (PTF), a fim de facilitar o acesso
seguro e o uso racional dos Fitoterapicos pela populagdo (CARVALHO et al., 2014).

Produtos naturais e seus derivados representam mais de 50% de todos os ativos farmacéuticos
(BALANDRIN, 1993). Além disso, o interesse crescente na industria farmacéutica por plantas
medicinais estd relacionado ao fato destas representarem uma importante fonte de produtos
biologicamente ativos, muitos dos quais se constituem em prot6tipos para a sintese de um grande
namero de farmacos (WALL; WANI, 1996; YUNES et al., 2001). Substancias ativas obtidas de
plantas como protétipo para o desenvolvimento de farmacos tem uma importdncia historica,
destacando-se a Digitalis lanata Ehrh., Papaver somniferum L., Cinchona spp., Atropa belladonna L.,
Physostigma venenosum Balf., Ephedra spp., Chondrodendron tomentosum Ruiz. & Pav., Claviceps
purpurea (Fr.) Tul. e Rauvolfia serpentina (L.) Benth. Ex Kurz.

A utilizagdo de plantas medicinais no Brasil € muito difundida, mas séo raras as pesquisas que
avaliam seu grau de utilizacdo. Uma pesquisa revela que, pelo menos, 63% dos entrevistados utilizam
plantas medicinais como principal fonte terapéutica, certamente, pela heranga cultural brasileira e pela
disponibilidade de uma grande biodiversidade. Por outro lado, apenas 27% dos profissionais
entrevistados da area da satde indicariam a utilizacdo das plantas medicinais. Esta refratariedade pode
estar vinculada a falta de conhecimento sobre o assunto, ao ceticismo da comunidade médica e a
auséncia de testes clinicos de eficacia (VEIGA-JUNIOR, 2008). Outros paises parecem ter uma
melhor aceitacdo cientifica dos fitoterapicos, em especial os relacionados a tradicionalidade de uso. Na
Alemanha, por exemplo, onde a fitoterapia é matéria corrente dos cursos de medicina, pesquisas
mostram que 70% dos médicos prescrevem fitoterapicos (GRUNWALD, 1995; STANGE, 2014).

A biodiversidade do Brasil possui um grande potencial de moléculas inovadoras, apresentando
uma vantagem competitiva de aproximadamente 55 mil espécies vegetais catalogadas (BARATA,
QUEIROZ, 1995; BRASIL, 2006), de um total estimado entre 350.000 e 550.000 (SIMOES et al.,
1996). No entanto, esta diversidade é pouco conhecida, porém seu potencial farmacéutico permanece,
uma vez que as plantas produzem uma grande variedade de substancias quimicas e ampla diversidade
em termos de propriedades fisico-quimicas e bioldgicas (SIMOES et al., 1996; WALL; WANI, 1996;
REIS et al., 2007;).

Assim, uma das principais limitagdes relacionadas ao uso de produtos naturais como fonte de
farmacos é a complexidade do processo de avaliagdo, pois os extratos sdo considerados misturas
biol6gicas complexas e de dificil caracterizacdo (NISBET; MOORE, 1997). Além disso, 0s

constituintes das plantas medicinais podem variar de acordo com fatores genéticos, clima, qualidade



do solo e outros fatores externos (GOBBO-NETO; LOPES, 2007; SCHULZ et al., 2002). Muitas
dessas desvantagens estdo sendo ultrapassadas através de avancos técnicos significativos,
principalmente a partir dos anos 80, como os desenvolvimentos alcancados nas técnicas
cromatograficas e nas técnicas de elucidacdo estrutural, particularmente relacionados com a
Ressonancia Magnética Nuclear (RMN) e Espectrometria de Massas (MS-Mass spectrometry)
(SCHENKEL et al., 2007).

Entre as drogas vegetais da biodiversidade brasileira, os rizomas de Limonium brasiliense
(Boiss.) Kuntze sdo empregados popularmente como antisséptico nas infec¢Bes geniturinarias,
adstringente, depurativo e, principalmente, no tratamento de colicas menstruais e como regulador dos
periodos menstruais (MOURA, 1984; CARDQOSO, 1990). Acredita-se, também, serem efetivos no
tratamento de hemorragia, reumatismo e, ainda, possuir propriedades cardioprotetoras (MURRAY et
al., 2004). Estudos anteriores sugerem baixa toxicidade e efeito antiestrogénico em teste ndo-clinicos
in vivo (BLAINSKI, 2010; ANTONELLI-USHIROBIRA, 2015). Nossos estudos mostraram que
cepas de Staphylococcus aureus resistente a meticilina (MRSA) assim como Enterococcus faecium
resistente a vacromicina (VREfm) foram sucetiveis a extratos provenientes de L. brasiliense.

S. aureus e E. faecium sdo bactérias Gram-positivas e patdgenos oportunistas que causam uma
variedade de doencas. Especial importancia deve ser dada a casos associados a infecgdes hospitalares e
adquiridadas na comunidade de cepas drogas-resistentes, que nas ultimas décadas tem aumentado em
diversos paises. A meticilina e a vancomicina séo antibidticos aplicados normalmente em casos de
resisténcia a antibi6ticos convencionais como penicilina e amoxicilina. Entretanto, relatos de MRSA
surgiram logo ap6s seu lancamento na década de 60 e vem crescendo desde a década de 80. Ja a
vancomicina, € um importante antibiético em casos de cepas drogas-resistentes usada inclusive para
MRSA. Nenhum caso havia sido reportado até 1988, porém desde entdo 0s nimeros sdo crescentes.
Assim, a preocupacdo sobre bactérias resistentes aos farmacos é crescente e um problema de salde
mundial (CARDOZO et al., 2012; GELATTI et al., 2009; KOBAYASHI et al., 2000; RUZON et al.,
2010).

Para o desenvolvimentos de medicamentos a base de plantas vegetais, & necessario estabelecer
0s métodos para controle de qualidade e analiticos da matéria-prima, além de comprovagdes
cientificas da efetividade e seguranca de seu uso (ANVISA, 2014). No entanto, os estudos de controle
de qualidade e caracterizagdo analitica de L. brasiliense sdo praticamente inexistentes ou superados
pelos avangos tecnoldgicos mais recentes, sendo insuficientes para relacionar as substancias fendlicas
e 0s taninos aos aspectos bioldgicos e assegurar um padrdo de qualidade. Bases cientificas e
tecnolodgicas possibilitam a producdo regular e reprodutivel de extratos vegetais com as mesmas

caracteristicas farmacéuticas.



2 REVISAO DE LITERATURA




2.1 ASPECTOS GERAIS
2.1.1 Familia Plumbaginaceae

Limonium brasiliense é uma espécie da familia Plumbaginaceae e subfamilia Staticeae. A
familia Plumbaginaceae compreende cerca de 2340 espécies, sendo 635 nomes de espécies aceitos e
630 consideradas sinonimias e, as demais consideradas ndo resolvidas ou, ainda, ndo aceitas. A familia
é dividida em 24 géneros. Estéo presentes em regides semi-arida, litordnea e salgada, principalmente
da Asia Central e Mediterraneo. Os géneros estdo divididos em 2 subfamilias, Plumbagineae e
Staticeae. Essa divisdo foi determinada por caracteres morfologicos, entretanto, parece estar coerente
com a presenca de compostos quimicos distintos entre as subfamilias. Na subfamilia Plumbagineae foi
constatada a presenca de naftoquinonas nas raizes, enquanto que na Staticeae estas substancias
estavam ausentes. Além disso, foi constatada uma maior prevaléncia de flavonoides nas folhas e flores
de Staticeae e a presenca de taninos, enquanto este Gltimo ndo foi encontrado na Plumbagineae
(HARBORNE, 1967; LAWRENCE, 1951; THE PLANT LIST; 2016).

As Plumbaginaceae sdo plantas herbaceas, arbustivas ou subarbustivas, com folhas inteiras,
alternas, sem estipulas. As flores séo vistosas, de coloracdo azul e simetria radial. No Brasil, existe
uma espécie do género Plumbago, na regido Nordeste e Leste, e uma espécie do género Limonium no
litoral da regido Sul (JOLY, 2005).

Trabalhos relatam a presenca de plumbagina, uma naftoquinona ativa contra Helicobacter
pylori, efeito antidiabético e anti-inflamatério em Plumbago zeylanica L., uma planta da subdivisdo
Plumbagineae (HSIEH et al., 2005; LIN et al., 2003; SUNIL et al., 2012; WANG; HUANG, 20053;
WANG; HUANG, 2005b). Outras naftoquinonas, incluindo trés novas estruturas de
difuranocaftoquinonas, tem sido elucidadas em raizes de P. zeylanica (KISHORE et al., 2010). Fito-
hormdnios exdgenos tém aumentado a producdo de plumbagina em cultura de células das raizes de
Plumbago indica L. (GANGOPADHYAY et al., 2011a; GANGOPADHYAY et al., 2011b).
Trabalhos visam isolar plumbagina de P. zeylanica e aumentar sua absorgédo e disponibilidade pelo
trato intestinal (BOTHIRAJA et al., 2011; BOTHIRAJA et al., 2012).

No estudo bibliogréfico realizado por Paiva et al. (2003), foram levantados as comprovagdes
cientificas de diferentes espécies pertencentes a familia Plumbaginaceae. Foram relacionadas diversas
atividades biolGgicas, entre elas, atividade leishmanicida, tripanossomicida, antimaldria, antiviral,
antitumoral, antimicrobiana e inseticida.

Um composto de extratos de raizes vegetais, popularmente usado como contraceptivo na
india, contendo Plumbago rosea L., foi administrado em ratas. Verificaram-se alteragdes histoldgicas
nas estruturas do Gtero e ovério, tais como divergéncias nas células tecais e células granulosas e
formacgdo de zona pellcida nos ovarios; no Utero, o epitélio endometrial sobre a superficie luminal
demonstrou pseudo estratificacdo, vacuolacdo de células e descamacdo irregular do estroma. Os

ensaios demonstraram que o ovario foi o principal sitio de acdo (SARMA; MAHANTA, 2000).



Estudo com Limoniastrum guyonianum Durieu ex Boiss., espécie do Norte da Africa utilizada
para tratar desinterias, demonstrou a presencga de polifendis, flavonoides e taninos condensados em
suas folhas e galhos (TRABELSI et al., 2012). Mais recentemente foi isolado dessa espécie dois
mondmeros (N-E-cafeoil tiramina e N-E-feruloil tiramina) e um dimero inédito (limoniastramida) de
amida fenodlica &cida. Nesse mesmo estudo essas substancias foram testadas in vitro quanto as
propriedades antioxidantes, 0s quais apresentaram promissores resultados, com efetiva atividade
antioxidante e capacidade de eliminagdo de radicais livres (TRABELSI et al., 2014).

Alguns autores verificaram a atividade antirradicais livres de espécies da familia independente
da subdivisdo (ANIYA et al., 2002; NATARAJAN et al., 2006).

Estudo recente demonstra que as familias Plumbaginaceae e Polygonaceae sdo grupos irmaos
com filogenética proxima. O estudo do Limonium sinense (Girard) Kuntze mostrou que a diversidade
genética dessa espécie é baixa. Esses dados sdo requisitos para estabelecer medidas de conservagao

eficientes para essa espécie (DING et al., 2012).

2.1.2 Género Limonium

O género Limonium abrange cerca de 800 espécies, das quais 166 sdo aceitas, sendo
considerado o mais rico da familia Plumbaginaceae, e estando melhor representado nas regides
mediterraneas da Europa e Asia, podendo também ser encontrado nas regides litoraneas da América
no norte, Sul da Africa e da América do Sul, além da Australia, e tem despertado interesse pela
presenca de substancias fenolicas, principalmente, taninos. Somente a espécie de Limonium
brasiliense (Boiss.) Kuntze é encontrado no Brasil (LAWRENCE, 1951; THE PLANT LIST; 2016).
Em geral, as espécies de Limonium vivem como plantas hal6fitas, inclusive em regides alpinas
(CHANT, 1993). Plantas haldfitas sdo naturalmente tolerantes ao sal e crescem em condi¢des
extremas de salinidade e, normalmente, alta temperatura, tais como dunas costeiras, restingas e estepes
salinos e, sdo consideradas uma excelente e quase inexplorada fonte de compostos bioativos (KSOURI
etal., 2010).

Murakedzy et al. (2002) verificaram e determinaram a concentracdo de D-pinitol (principal
carboidrato do vegetal) em folhas e raizes de L. gmelinii subsp. hungarica, planta nativa das areas
salgadas no interior da Hungria. Além disso, foi estudada a sazonalidade dessa substancia e,
relacionado sua presenca com a fungéo de protecéo do vegetal em estresse osmotico.

Segundo Duhazé et al. (2003), o L. latifolium (Sm.) Kuntze possui rotas multiplas para a
producdo de p-alanina e betaina g-alanina, substancias envolvidas na osmoprotecdo do vegetal. Além
disso, Duhazé et al. (2002) relacionaram as vias de degradacéo de espermidina, substancia acumulada
nas raizes, com a biossintese de f-alanina e betaina S-alanina em L. tataricum (L.) Mill.

O extrato aquoso de L. wrightii (Hance) Kuntze demonstrou forte acdo antirradicais livres in

vitro pelos métodos de 1,1-difenil-2-picrilhidrazila (DPPH) e anion superéxido e moderada acdo para



radicais hidroxilas. A administracdo intraperitoneal desse extrato em ratos, que tiveram intoxicagéo
hepatica induzida por tetracloreto de carbono, demonstrou a reducdo da atividade sérica da aspartato
aminotransferase e da alanina aminotransferase, caracteristico de atividade antirradicais livres in vivo.
Essa acdo foi relacionada principalmente com a presenca de &cido galico no extrato (ANIYA et al.,
2002).

Utilizando o mesmo modelo de injuria hepética, Tang et al. (2007) verificaram o efeito
hepatoprotetor do extrato das raizes de L. sinense. Foi observado o blogueio significativo do aumento
da atividade sérica da aspartato aminotransferase e da alanina aminotransferase. Além disso, o extrato
induziu a diminuicdo da condensacdo nuclear, a deposicdo lipidica e aumento da transcricdo e
traducdo do canal ani6nico voltagem-dependente da mitocondria.

Extratos metanolicos produzidos com diferentes 6rgaos anatdmicos de L. algarvense Erben
proveniente de Portugal foram testados em diferentes modelos in vitro de atividade antioxidante. As
melhores atividades foram observadas para flores > raizes > peddnculos > folhas, sendo essa atividade
relacionada ao teor de polifendlicos presente. Foi relatado a presenta de é&cido galico e
epigalocatequina-galato (RODRIGUES et al., 2015). O decocto das flores apresentou atividade
antioxidante e propriedades anti-inflamatérias similar ou maior que cha verde, que normalmente é
usado sob essas alegactes (RODRIGUES et al., 2016).

A anélise de amostras de sementes de 17 espécies diferentes de Limonium (ndo incluindo L.
brasiliense) constatou, pela primeira vez nessa familia, a presenca de fito-ecdiesteroides em 7 dessas
espécies [L. bellidifolium (Gouan) Dumort., L. binervosum (G.E.Sm.) C.E.Salmon, L. gerberi Soldano,
L. otolepis (Schrenk) Kuntze), L. peregrinum (P.J.Bergius) R.A.Dyer, L. perezii (Stapf) F.T. Hubb. e
L. ramosissimum (Poir.) Maire]. Além disso, o estudo demonstrou uma alta concentracdo dessa classe
de substancia nos extratos das folhas e raizes nessas espécies (WHITING et al., 1998).

Segundo Korul’kina et al. (2004a) e Zhusupova (2006), o L. gmelinii (Willd.) Kuntze é usado
na medicina popular, na republica do Cazaquistdo, como adstringente, em doencas gastrintestinais e do
trato respiratorio superior. Essa planta medicinal possui grande potencial industrial, sendo incorporado
na medicina e demonstrado acdo antiexudato em estudos pré-clinicos e clinicos de fase 1 e 2,
antiproliferativa, antimicrobiana e a¢&o necrolitica no uso tépico e em mucosas.

Foram avaliados os niveis de aminoacidos e minerais presentes nas partes aéreas e raizes do L.
gmelinii (ZHUSUPOVA, 2006). Foi verificada, significativamente, a maior concentracdo nas partes
aéreas, 0 que indica seu valor bioldgico. Além disso, foram identificadas duas prodelfinidinas
diméricas (2R,3R,4R-(-)-epigalocatequina-(4p—8)-2R,3R-(-)-epigalocatequina-3-O-gallato e
2R,3R,4R-(-)-epigalocatequina-(4p—8)-2R,3R,3,5,7,3',4',6'-hexahidroxiflavana) do extrato
hidroetandlico das raizes de L. gmelinii (ZHUSUPOVA; ABIL’KAEVA, 2006a), e essa espécie
apresentou alto potencial antioxidante (STANKOVIC et al., 2015).



Korul’kina et al. (2004b) isolaram e identificaram, por métodos espectrométricos, substancias
biologicamente ativas das partes aéreas e raizes de L. gmelinii e L. popovii Kubank. As substancias
isoladas foram: &cido galico, quercetina, miricetina (Figura 1A), miricetrina, epigalocatequina-3-O-
galato, miricetina 3-O-B-D-(6"-galoila)-galactopiranosideo, miricetina 3-O-B-D-galactopiranosideo,
miricetina 3-O-B-D-glucopiranosideo, miricetina 3-O-B-D-(6"-galoila)-glucopiranosideo, 3,5,7,3',4',6'-
hexahidroxiflavona, miricetina 3-O-a-L-(2'-galoila)-arabinopiranosideo, sendo as duas Ultimas inéditas
na literatura. Também foram isolados de L. gmelinii, os flavan-3-6is, galocatequina e epigalocatequina
(ZHUSUPOVA; ABIL’KAEVA, 2006b). Anteriormente, ja haviam sido isolados derivados
glicosilados de miricetina do L. sinuatum (L.) Mill. (ROSS, 1984).

Foi estudada a composicao de &cidos graxos presentes nas raizes e partes aéreas de diferentes
espécies de Limonium da regido do Cazaquistdo (L. gmelinii, L. otolepis, L. popovii, L. myrianthum
(Schrenk ex Fisch. & C.A. Mey.) Kuntze, L. leptophyllum Kuntze, L. suffruticossum Kuntze).
Verificou-se que a composicdo qualitativa de &cidos graxos saturados e insaturados foi a mesma,
porém, houve diferencas quantitativas entre as espécies. Além disso, verificou-se a maior
concentragdo nas folhas em relacéo as flores e que a concentragdo de &cido graxo insaturado foi de
duas a quatro vezes maior que de saturado nas partes aéreas (ZHUSUPOVA et al., 2006a3;
ZHUSUPOVA et al., 2006b). O comportamente vegetativo pela variacdo da salinidade também foi
estudado em L. linifolium (L.f.) Kuntze, uma espécie endémica da Africa do Sul (TABOT; ADAMS,
2014).

A L. bicolor (Bunge) Kuntze, planta origindria da China, € utilizada popularmente como
enriquecedor do sangue e homeostasico, na cura de desordens menstruais e no tratamento de
carcinomas uterinos. Foram isoladas e identificadas trés substancias flavonicas do extrato das partes
aéreas (ZHANG; ZOU, 2004). Recentemente, alguns estudos sobre o controle do processo de secre¢do
glandular salina a fim de definir a tolerabilidade dessa espécie a meios salinos vem sendo
desenvolvidos (DENG et al., 2015; FENG et al., 2015), assim como a influéncia da salinidade sobre a
germinacio de sementes de L. tabernense Erben oriunda na Espanha (FERNANDEZ et al., 2016).

Foram identificados cinco flavonoides derivados da miricetina nas folhas e raizes de L. meyeri
(Boiss.) Kuntze, planta popularmente usada na Asia (MOVSUMOV; GARAEV, 2005), e em L.
aureum (L.) Hill, também da Asia, foram encontrados 14 flavonoides, entre eles, miricetina e seus
derivados, quercetina e seus derivados, homoeriodictiol, naringenina, eriodictiol (Figura 1B) e
canferol (YE; HUANG, 2006). Em L. caspium (Willd.) P. Fourn. também foram identificados 9
derivados da miricetina, assim como floridzina e tiramina, sendo que algumas dessas substancias
apresentaram excelente atividade antifingica, antimalaria e antileishmaniose (GADETSKAYA et al.,
2015).

Estudos com o extrato etanolico do L. sinense, planta chinesa, demonstraram que o extrato é

efetivo contra o virus da Herpes Simplex tipo 1. Pelo fracionamento bioguiado isolou-se a
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samarangenina B (Figura 1C), que pelos ensaios mostrou ser um agente antiviral contra a replicagdo
do virus e, aparentemente, sem citotoxidade in vitro (KUO et al., 2002; LIN et al., 2000).
Recentemente, polissacarideos isolados das raizes de L. sinense demonstraram atividade antitumoral e
imunomoduladora em tumor de camundongos transplantados, além da identificacdo de um
polissacarideo relacionado a esta atividade (TANG et al., 2012; TANG et al., 2014). Em um estudo in
vitro envolvendo tanto extrato etandlico das partes subterrdneas dessa espécie, como a substancia
isolada acido gélico, foi observado que ambos apresentaram potente atividade em suprimir a infeccéo

dos hepatocitos pelo virus da hepatite C, blogueando a entrada do virus na célula (HSU et al., 2015).
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Figura 1: Estruturas quimicas de miricetina (A), eriodictiol (B) e samarangenina B (C) identificadas

em espécies do género Limonium.

A pesquisa de compostos com atividade antioxidante em L. aureum foi realizada utilizando-se
um método otimizado, on line-CLAE com DPPH, para deteccdo da capacidade de eliminagdo de
radicais livres. Foram identificados sete flavonoides incluindo miricetina-3-O-f3-D-(6"-O-galoil)-
glucopiranosideo, miricetina-3-O-glucosideo, miricitrina, eriodictiol-7-O-glucosideo, miricetina,
eridictiol e homoeridictiol (GENG et al., 2015).

Diferentes extratos (etandlico, metandlico, hexanico e diclorometano) de L. densiflorum
(Guss.) Kuntze foram testados quanto a atividade antiviral frente ao HSV-1 e virus influenza (H1N1),
apresentando melhor resultado com o extrato etanélico contra virus HSV-1 o qual exibiu potente acdo
inibitoria. Esses extratos foram analisados por cromatografia em camada delgada (CCD),
demonstrando a presenca de flavonoides e saponinas como a classe de produtos naturais majoritarios
(MEDINI et al., 2014a). Esses extratos também foram testados para a atividade antioxidante pelo
método de capacidade de absorvancia do radical oxigénio (método ORAC), atividade de eliminagéo

do anion superoxido e atividade em células. A avaliagdo da atividade anti-inflamatoria ocorreu por
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quantificagdo do 6xido nitrico. Em ambos o0s testes o extrato metandlico exibiu melhores resultados.
No entanto, o extrato diclorometano apresentou a maior atividade anticancerigena contra carcinoma
pulmonar humano e adenocarcinoma de célon. A anélise por CLAE demontrou a presenga majoritaria
de miricetina, acido trans 3-hidroxicindmico e isoramnetina (MEDINI et al., 2015).

A atividade antioxidante de 10 extratos de brotos de L. delicatulum (Girard) Kuntze em
diferentes estagios fisioldgicos (5 extratos obtidos a partir do estagio de floracdo e 5 extratos a partir
do estéagio vegetativo) foi avaliada frente ao radical DPPH. Os extratos mais polares, acetona, metanol
e etanol, do estagio de floracdo, apresentaram maior eficiéncia como antioxidante quando comparados
aos extratos aquosos e hexanicos. Estes extratos também apresentaram melhor atividade
antimicrobiana contra 7 patdégenos humanos Gram-positivos e Gram-negativos. Foram identificados
por CLAE compostos fenodlicos nesses extratos, sendo os principais o &cido p-cumarico e acido
clorogénico os quais foram associados ao melhor desempenho desses extratos (MEDINI et al., 2014b).

Esse género parece ser importante em estudos ecolégicos, tal como a avaliacdo populacional
de L. girardianum (Guss.) Kuntze, espécie endémica do Mediterraneo (litoral da Franga e Espanha)
em locais com perturbagbes causadas pelo homem, especialmente, expansdo industrial
(BAUMBERGER et al., 2012). Outro ponto interessante é a utilizagcdo de plantas halofiticas (com
potencial acumulo e secrecdo de sais), como o L. gmelinii, serem usadas na reciclagem de cloreto de
sodio em residuos humanos em sistemas de suporte biorregenerativos (BALNOKIN et al., 2010;
TIKHOMIROVA et al., 2011).

2.1.3 Limonium brasiliense (Boiss.) Kuntze

Inicialmente, designado como Statice brasiliense Boiss. (DE CANDOLLE, 1848), foi
apresentada, por Kuntze (1891) pelo nome botanico Limonium brasiliense (Boiss.) Kuntze (Figura 2) e
apresenta outros seis sinonimias (THE PLANT LIST, 2016). E conhecida, popularmente, como
baicuru e guaicuru. E uma erva perene, distribuida pela Argentina, Uruguai e sul do Brasil — Parana,
Santa Catarina e Rio Grande do Sul — preferencialmente em terrenos baixo e sujeitos a maré (solo
salino) (MOURA, 1984; MURRAY et al., 2004), podendo ser encontrado até o Rio de Janeiro
(FLORA DO BRASIL, 2016). Engler (1964) classificou L. brasiliense como uma espécie pertencente

a familia Plumbaginaceae e a subfamilia Staticeae.
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Figura 2: L. brasiliense, partes aéreas e rizomas. Foto: Andressa Blainski. Amostras secas de L.
brasiliense: Rizoma longo e calibroso (seta) (A) com ramos laterais mais delgados e envoltos pelas
bases peciolares avermelhadas (setas) (B); detalhes da periderme (C) e dos tecidos internos (D)
(ANTONELLI-USHIROBIRA et al., 2015a).

As caracteristicas morfo-anatdbmicas do rizoma de baicuru foram relatadas somente na
primeira edicdo da Farmacopeia Brasileira (SILVA, 1926). Além disso, o baicuru é uma erva de 30 a
50 cm de altura, com folhas basilares, longamente pecioladas, disposta em rosetas, com flores
pequenas, de calice avermelhado e corola azulada dispostas em paniculas piramidais (MOURA, 1984).
Recentemente, Antonelli-Ushirobira et al. (2015a) determinaram ser rizomas e ndo raizes a parte da
planta utilizada pela populacdo como medicinal, pela presenca de entrends nas brotacGes laterais nos
tecidos jovens, presenca de periderme multiestratificada, raios parenquimaticos, presenga de
aerénquima, feixes vasculares dispostos radialmente e grupos de escleroides dispersos pelo cortex e
medula.

Estudo prévio descreveu a presenca de aminas, fenois e tracos de leucoantocianinas e
compostos cianogénicos nas partes aéreas de L. brasiliense (MEDINA et al., 1977). Taninos,
leucoantocianinas, acido hidroxicinamico e acido elagico foram detectados nas partes subterraneas
(RAGONESE; MILANO, 1984). Cardoso (1990) verificou a presenca de acido galico, epicatequina e
taninos condensados por técnica de cromatografia em camada delgada. A interferéncia de fatores
tecnoldgicos na producdo de extratos (diferente teor alcodlico, tempo de maceragdo, granulometria da
droga, método de extracdo) foi avaliada sobre a quantidade de &cido galico extraido. O contetdo de
polifendis totais (PT) do extrato acetona:agua (7:3, v/v) dos rizomas de L. brasiliense foi determinado
por método espectrofotométrico de ultravioleta e visivel (UV-VIS). O método desenvolvido e validado

determinou 23,5% de PT no extrato, expressos em pirogalol (BLAINSKI et al., 2013).
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Foram verificadas atividades bioldgicas do extrato etandlico dos rizomas, como anti-
inflamatdria e antagonista de bradicinina e ocitocina em associagdo com paracetamol. Estudo clinico
dessa associagdo foi realizado com 36 mulheres com sintomas relacionados a desordens menstruais,
tais como dismenorreia, leucoreia e amenorreia. O resultado foi avaliado como excelente em 83,33%,
bom em 13,88% e regular em 2,77% das mulheres. O periodo de tratamento variou de 11 a 50 dias
(JANHS; CRESCENTE, 1976). Rosito-Filho (1975) verificou a sensibilidade que algumas cepas de
Bacillus mycoides, Escherichia coli, Staphylococcus aureus enre outras ao extrato hidroetanélico de
baicuru. Além disso, verificou a presenca de taninos hidrolisaveis, condensados, acido 4-metoxi-
galico, PB-sitosterol e saponinas triterpénicas. Faral-Tello et al. (2012) demonstraram interessante
atividade antiviral de extrato etanolico (70%) de L. brasiliense frente ao virus herpes simples tipo |
(HSV-1), o qual inibiu a replicag&o in vitro, com ICso de 185 pg/mL.

Foi determinada a atividade anti-inflamatoria do extrato etanélico dos rizomas de baicuru pela
inibicdo do edema da pata do rato, induzido por carragenina, pela administracdo intraperitoneal na
dose de 250 mg/kg, sendo os taninos 0s principais responsaveis por essa atividade. A acdo
antibacteriana foi relatada, sendo o acido galico responsavel pelo efeito. O extrato apresentou sinais
expressivos de toxidade, pelo teste de toxicidade excessiva, na administracdo intravenosa (veia
caudal), somente na dose de 2,0 g/kg e nenhuma letalidade até a dose de 1,5 g/kg. Além do &cido
galico, foram isolados &cido eldgico, p-sitosterol, benzoato de benzila, sacarose, miricetina, uma
flavona, uma isoflavona, uma flavonona, uma cumarina e trés saponinas triterpénicas (MOURA,
1984).

A avaliacdo da toxicidade aguda deste extrato em camundongos machos e fémeas Swiss foi
determinada pela DLso de 4,8 g/kg. A avaliacdo da toxicidade cronica mostrou que o extrato bruto,
mesmo em doses acima da considerada terapéutica, mantém-se seguro ao uso. A avaliacdo da
mutagenicidade, pelo teste do microndcleo, demonstrou potencial mutagénico em doses acima de 2,0
g/kg. A avaliagcdo da atividade hormonal em ratas Wistar imaturas mostrou um efeito do tipo
antiestrogénico em doses elevadas (400, 800 e 1200 mg/kg) pela analise citologica da secrecdo
vaginal, com prolongamento do ciclo estral com predominio da fase diestro (periodo progesterénico)
das ratas; e, pela avaliacdo histologica, com presenca de estruturas morfoldgicas caracteristicos do
periodo progester6nico. Estudo com as doses de 12,5, 25, 50, 100 ou 200 mg/kg mostraram o retardo
na idade de abertura do canal vaginal e, a avaliacdo do aumento do peso relativo do Utero, e dosagens
de progesterona e estrogénio. A analise histologica dos 6rgdos Utero, ovarios e vagina, os resultados
indicam uma tendéncia da acdo da progesterona nas doses de 25, 50 ou 100 mg/kg (ANTONELLI-
USHIROBIRA, 2015; ANTONELLI-USHIROBIRA et al, 2015b; BLAINSKI, 2010).

Rodriguez et al. (2011) testaram in vitro a atividade anti-inflamatéria de extrato
semipurificado de L. brasiliense e do composto isolado miricetina-3-O-ramnosideo frente a

superproducédo de 6xido nitrico pela linhagem de células RAW 264.7 estimuladas por LPS, sendo que
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0 composto isolado apresentou o melhor resultado do que o extrato. Murray et al. (2004) avaliaram a
atividade antioxidante, pela determinacdo do ICso através da habilidade de quelar radicais livres
usando o método de DPPH. Foi avaliado o extrato metandlico dos rizomas de L. brasiliense. Foi
isolado miricetina-3-O-a.-raminopiranosideo como componente mais ativo (ICso = 40,0 uM), 0 extrato
metanolico rico com esta substancia apresentou I1Cso de 20,7 uM. Também foram verificadas a
presenca de &cido galico, epigalocatequina, galocatequina e epigalocatequina-3-O-galato.

No estudo bibliografico e etnobotanico realizado por Fenner et al. (2006), L. brasiliense foi
uma das espécies citadas pela populacdo e usada no tratamento de Ulceras e leucorreias, estando seu
uso relacionado a uma potencial atividade antifingica. Moura (1984) relata a comercializacdo de
produtos industriais a base de baicuru pelos Laboratérios Regius (Elixir de Baicuru), Cageri (Tintura
de Baicuru e Elixir de Agoniada e Baicuru), Flora da India (Elixir de Agoniada e Baicuru) e Klein
(Tintura de Baicuru), aléem da comercializacdo em outros paises da América do Sul.

Os medicamentos relatados na base de dados da Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) estdo todos com o registro vencido. Os medicamentos séo Elixir de Baicuru, Elixir de Caju
e Chapéu de Couro (Laboratério Regius), Elixir de Caroba Composto (Laboratério Kley Hertz) e
Agoniada Composto (Laboratério Cibecol) e o vencimento do registro foi em agosto/2003,
setembro/2004, maio/2006 e dezembro/2005, respectivamente (ANVISA, 2012).

Os aspectos reprodutivos e caracterizacdo ambiental de populagdes de L. brasiliense foi
inicialmente avaliados no litoral de Santa Catarina e Rio Grande do Sul. Verificaram-se que diferencas
ambientais entre 0s anos de 2005 e 2006 influenciaram os aspectos reprodutivos (infloracdo e
infrutescéncia) de espécie nessas regides (FIOR et al., 2007).

Nota-se que L. brasiliense ndo tem importancia apenas medicinal como também ornamental
na regido sul do Brasil. Estudo avaliou que a reproducdo assexuada (por mudas do rizoma) foi
indiferente ao substrato utilizado (marisma, areia ou comercial), mas houve maior producéo de folhas

em mudas provenientes do rizoma apical, por¢do mais jovem do rizoma (LOPES et al., 2003).

2.2 ASPECTOS QUIMICOS
2.2.1 Substancias Fendlicas

As substancias fendlicas abrangem uma ampla variedade de substancias que possuem um anel
aromatico com uma ou mais hidroxilas substituintes em comum. As substancias fenolicas tendem a ser
hidrossoltveis, pois ocorrrem mais frequentemente combinadas com aglcares como glicosideos
(HARBORNE, 1998).

As substancias fendlicas contribuem para o sabor, odor e coloracdo de diversos vegetais,
sendo muitas delas importantes economicamente pela utilizacdo como flavorizantes e corantes de
alimentos e bebidas. Tém-se relatado atividade antioxidante, sugerindo que doencas causadas pelas

oxidacOes reativas em sistemas biolégicos poderiam ser retardadas pela ingestdo de substancias
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fendlicas (CARVALHO et al., 2007). Pulido et al. (2000) afirmaram que o grau de hidroxilacdo e
extensdo de conjugacao parecem ser 0s critérios que regem o poder redutor dos polifenois da dieta.

O processo classico para detectar fendis simples utiliza solugdo aquosa ou alcodlica de cloreto
férrico a 1%, obtendo-se assim coloragOes verde, parpura, azul ou preta (HARBORNE, 1998). Além
disso, os fendlicos sdo todos aromaticos, sendo assim, todos mostram uma intensa absorcéo na regido
do UV (CARVALHO et al., 2007; HARBORNE, 1998). Métodos espectrofotométricos sdo, dessa
forma, especialmente importantes para as analises de identificacdo e quantificacdo de fendis
(HARBORNE, 1998).

Substancias polifendlicas possuem estrutura quimica ideal para a atividade de sequestro de
radicais livres, e tém mostrado serem antioxidantes mais eficientes in vitro do que a vitamina C e a
vitamina E, quando comparados em concentracdes molares (RICE-EVANS et al., 1997). Um
antioxidante pode ser definido como qualquer substancia que quando presente em baixas
concentragdes, comparadas com aquelas do substrato oxidavel, retarda ou inibe significativamente a
oxidag&o do substrato (ANTOLOVICH et al., 2002).

Suresh e Asha (2008) reportaram o efeito preventivo do extrato etanélico de Phyllanthus
rheedii Wight. em danos hepéticos induzidos por D-galactosamina em ratos Wistar. Essa planta
medicinal é popularmente utilizada para doencas hepaticas e, no presente trabalho, sua acdo foi
relacionada ao potencial antioxidante e a presenca majoritaria de compostos fenolicos como taninos e
flavonoides.

Zamblé et al. (2008) avaliaram as propriedades antioxidantes das raizes de Caesalpinia
benthamiana (Baill.) Herend. & Zarucchi, planta popularmente usada como estimulante sexual, e
concluiu haver atividade contra as espécies de oxigénio reativo em sistema celular pela presenca de
acido galico, resveratrol e taninos. Como a atividade antioxidante estd amplamente envolvida na
prevencdo de doencas cardiovasculares, foi associada esta acdo ao efeito vasodilatador, também
avaliado neste trabalho, e constatando o potencial medicinal dessa droga.

Mulheres em idade fértil frequentemente recorrem ao uso de plantas medicinais para o
tratamento de doencas ginecoldgicas cronicas, tais como infertilidade, dismenorreia, menopausa e
tensdo pré-menstrual. A atividade antioxidante é um dos mecanismos envolvidos na efetividade dessas
drogas (DENNEHY, 2006).

A acdo antimicrobiana de substéncias fenolicas ja € bem conhecida (Quadro 1) e as pesquisas
vém revelando espectro de ac¢do cada vez mais amplo, como a acdo antifungica por proantocianidinas
poliméricas de Stryphnodendron adstringens (Mart.) Coville contra Candida albicans (ISHIDA et al.,
2006; LUIZ et al., 2015) e Cryptococcus neoformans (ISHIDA et al., 2009), contra Gram-negativa
Klebsiella pneumoniae por extrato aquoso de Quercus sp. associado ao alto teor de polifendis
(SANCHEZ-BURGOS et al., 2013), assim como por extrato de Pelargonium sidoides DC., que

também foi efetivo contra Proteus mirabilis e S. aureus multi-resistentes (KOLODZIEJ et al., 2003) e
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nanoparticulas de catequinas do cha verde contra Streptococcus mutans (GOPAL, et al., 2016). O
mecanismo de acdo de polifendis para a inibicdo do crescimento bacteriano é diverso e, em parte,
relacionado ao seu potencial antioxidante: pode desestabilizar a membrana citopldsmica, aumentar a
permeabilidade da membrana celular, inibir enzimas extracelulares, agir sobre o metabolismo celular e
sobre a deprivagdo de substratos essenciais, tais como micronutrientes minerais (DAGLIA, 2012).

Varios flavonoides de Glycyrrhiza uralensis Fisch. foram capazes de diminuir os valores de
MIC para oxacilina contra MRSA (HATANO et al., 2000). Da mesma forma, teasinensin A, produto
da degradacdo de epigalocatequina-galato, melhorou a a¢do da oxacilina em MRSA (HATANO et al.,
2003; HATANO et al.,, 2008), assim como procianidinas B2 e B3 de Ziziphus jujuba Mill. e
Zanthoxylum piperitum Benn. (HATANO et al., 2005). Além disso, estudo testou 32 compostos
fendlicos de G. uralensis contra enterococos resistentes a vancomicina (VRE) e verificou a
sucetibilidade a dois flavonoides (5,7-di-O-metilluteona e dimetilglicerol), assim como a &cidos
fenolicos de 3-arilcumarinas (EERDUNBAYAER et al., 2014).

No ambito da farmacocinética, pesquisas ja vém sendo realizadas com polifendis, como
flavonoides e taninos, principalmente na forma glicosilada, a fim de avaliar o metabolismo e
biodisponibilidade in vitro e in vivo. Porém, deve-se considerar que o preparo das amostras bioldgicas
(plasma, fluido biliar, urina ou tecidos) é bastante delicado, pois envolve matrizes de alta
complexidade e analitos em baixas concentracdes (CROZIER et al., 2010; PRASAIN et al., 2004).

Krook e Hagerman (2012) submeteram dois polifendis comuns (epigalocatequina-O-galato —
EGCqg - e 1,2,3,4,6-penta-O-galoil-B-D-glucopiranosideo -PGG) a um modelo de sistema digestivo in
vitro sob baixa tensdo de O e, verificaram que ambas substancias sdo estaveis em pH 5-6 e degradam
em pH 7 e na presenca de componentes alimentares e, somente PGG foi estavel na presenca de

enzimas gastrointestinais.
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Quadro 1: Estrutura quimica de classes de polifendis e microrganismos sensiveis a estes (DAGLIA,
2012).

Monbémeros de flavan-3-ol de cha verde e seus metabdlicos metilados, sulfatados e
glucuronidado foram analisados em amostras de plasma de voluntarios sadios. De modo similar, cinco
diferentes metabdlitos de quercetina-4'-O-glucosideo e quercetina-3,4'-O-diglucosideo presentes na
cebola, foram dosados em plasma (assim como a quercetina na forma aglicona) e urina humanos, da

mesma forma, os metabdlitos da quercetina-3-O-rutinosideo de suco de tomate e metabdlitos de
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flavononas de suco de laranja em plasma. Antocianidinas presentes em produtos vegetais, tais como
morangos e mirtilos, foram detectadas em plasma, e verificou-se 0 acumulo dessas substancias em
tecidos hepaticos, renal e pulmonar (CROZIER et al., 2010; HOLLMAN et al., 1996). Dimeros de
procianidinas B1 e B2 do extrato de semente de uva foram detectados em plasma humano e diferentes
metabdlitos de elagitaninos da roma foram detectados plasma de voluntarios sadios (CROZIER et al.,
2010).

Testes em ratos mostram a presencga no plasma de luteolina, canferol, apigenina, quercetol e
isoramnetina de Verbena officinalis L. (DUAN et al., 2011); luteolina e apigenina de Chrysanthemum
morifolium Ramat., assim como dois metabolitos derivados da luteolina (CHEN et al., 2012); vitexina-
4"-O-glucoside e vitexina-2"-O-ramnosideo de Crataegus sp (MA et al., 2007), assim como em
tecidos (coracdo, figado, baco, pulmdo, rins e cérebro), bile, urina e fezes e, verificou-se que ha um
alto acimulo dessas substancias no figado e rins (MA et al., 2010); flavonoides de Scutellaria barbata
D.Don (escutelarina, naringenina, apigenina, luteolina e wogonina) (SHI et al.; 2011); acidos fendlicos
de Salvia miltiorrhiza Bunge (ZHANG et al., 2011) e, marcadores (quercetina, canferol, isoramnetina)
do Ginko biloba L. tém aumento da biodisponibilidade pela complexagdo do extrato com fosfolipidio
(CHEN et al., 2010).

2.2.2 Taninos

A palavra tanino foi usada pela primeira vez por Seguin, em 1796, para definir o principio
adstringente da casca de carvalho que possui a propriedade de transformar a pele dos animais em
couro (COSTA, 2002).

Taninos constituem um grupo de produtos naturais de grande diversidade estrutural e larga
distribuicdo filogenética (HASLAM et al., 1975), sendo que sua ocorréncia nas angiospermas €
particularmente associada aos tecidos lenhosos (HARBORNE, 1998).

Industrialmente, os taninos sdo substancias que, devido a habilidade de se complexarem com
proteinas, sdo capazes de transformar peles de animais em couro. Nas plantas, devido ao seu sabor
adstringente, uma das maiores fungfes dos taninos é a de ser uma barreira para herbivoros e insetos
(HARBORNE, 1998).

Plantas ricas em taninos sdo empregadas na medicina tradicional para o tratamento de diversas
enfermidades, tais como diarreia, hipertensdo arterial, reumatismo, hemorragias, feridas, queimaduras,
problemas estomacais, problemas renais e do sistema urindrio e processos inflamatérios em geral
(HASLAM, 1996).

Testes in vitro realizados com extratos ricos em taninos ou com taninos puros tém identificado
diversas atividades bioldgicas dessa classe de substéncias. Dentre essas atividades podem-se citar:
acdo bactericida, fungicida (SCALBERT, 1991; SANCHES et al., 2005), antiviral (OKUDA et al.,
1993; FELIPE et al., 2006), moluscicida (MARSTON; HOSTETTMANN, 1985), inibi¢do de enzimas
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como glucosiltransferases de Streptococcus mutans e S. sobrinus (HATTORI et al., 1990; OOSHIMA
et al., 1993), acdo antitumoral (OKUDA et al., 1989), atividade de inibicdo de Herpetomonas
samuelpessoai (HOLETZ et al., 2005), atividade cicatrizante (LOPES et al., 2005), atividade de
inibicdo de Candida albicans (ISHIDA et al., 2006) e antinociceptivo (MELO et al., 2007),
gastroprotetivo e antitopoisomerase (SANCHEZ-BURGOS et al., 2013). Os taninos podem atuar
também como captadores de radicais, interceptando o oxigénio ativo formando radicais estaveis
(SANTOS; MELLO, 2007).

Tradicionalmente os taninos sdo classificados segundo sua estrutura quimica em dois grupos:
taninos hidrolisaveis e taninos condensados ou proantocianidinas. Os taninos hidrolisaveis (Figura 3)
sdo caracterizados por um poliol central cujas funcdes hidroxilas sdo esterificadas com éacido galico e
podem estar presentes na forma de mondémeros, dimeros, trimeros e tetrAmeros. Os taninos
condensados (Figura 4) sdo oligbmeros e polimeros formados ela policondensacdo de duas ou mais
unidades de flavan-3-ol e flavan-3,4-diol (SANTOS; MELLO, 2007).

H OH
H
OH
H OH
HO
OH
6,
4 (o) OH
H 2
3 O ]
O
H OH
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OH

-1,2,3,4,6-pentagaloil-D-glucose

Figura 3: Exemplo de tanino hidrolisavel (SANTOS; MELLO, 2007).

Acredita-se que as atividades farmacoldgicas dos taninos sao devidas, pelo menos em parte, a
trés caracteristicas gerais que sdo comuns em maior ou menor grau aos dois tipos de taninos,
condensados e hidrolisaveis. Tais caracteristicas sdo: complexacdo com ions metalicos, atividade
antioxidante e sequestradora de radicais livres e habilidade de se complexar com macromoléculas

como proteinas e polissacarideos (HASLAM, 1996).
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Figura 4. Exemplos de taninos condensados (1: epicatequina-(4p—38)-catequina; 2: epicatequina-
(4p—6)-catequina) (SANTOS; MELLO, 2007).

A variabilidade estrutural de taninos hidrolisaveis é devido ao acoplamento oxidativo de
unidades vizinhas de &cido galico ou pela oxidacdo dos anéis aromaticos. Estas reacdes podem levar a
formacéo de taninos hidrolisaveis de alta complexidade que séo dificilmente detectados em técnicas
colorimétricas, uma vez que estas detectam somente produtos mais simples, como o galoil ou o
hexahidroxidifenoil (MUELLER-HARVEY, 2001).

Os taninos condensados sdo polimeros de unidades flavanol, que estdo unidas por
acoplamento oxidativo. Os taninos condensados podem ser sollveis ou insolUveis (alto peso molecular
ou cadeia linear) (SCHOFIELD et al., 2001).

Para 0 processo de extracdo de taninos recomenda-se, devido a foto- e termo-sensibilidade
dessas substéancias, a utilizagdo da planta fresca ou, numa segunda opg&o, a droga vegetal liofilizada.
Entretanto, estas condi¢cGes podem ser invidveis, assim, se utiliza, frequentemente, o material seco a
baixa temperatura (<40 °C) em estufa de ar circulante. Os taninos apresentam diferentes solubilidades
e, por tanto, permite a extracdo com diferentes solventes. Em geral, prefere-se usar a mistura agua-
acetona por ser menos suscetivel a reagir com os taninos hidrolisaveis (MUELLER-HARVEY, 2001;
SCHOFIELD et al., 2001).

Varias técnicas sdo empregadas para a analise de taninos. Embora as técnicas colorimétricas
sejam amplamente usadas, elas, muitas vezes, ndo representam um dado quantitativo exato, pois
muitos compostos fendlicos possuem a propriedade de alterar diferentemente a cor por unidade de
massa. Dessa forma, a utilizacdo de um padrdo externo implica na obtencdo de um dado semi-
quantitativo voltado, principalmente, para o propésito comparativo. Para determinacdo colorimétrica
de fenodlicos totais, destaca-se a reacdo com Folin-Ciocalteau. Como alternativa aos métodos

colorimétricos, métodos gravimétricos ja foram propostos, entretanto, estes s&o muito menos sensiveis
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e pouco robustos. Dentre os métodos gravimétricos, o ensaio com azul de prussia é, provavelmente, o
mais conhecido deles (MUELLER-HARVEY, 2001; SCHOFIELD et al., 2001).

Reacbes colorimétricas especificos para taninos hidrolisaveis ja foram propostas, destacam-se
0s ensaios com reagente K1O; fornecendo coloracdo rosa, reagente de Rhodanine para cor pdrpura e,
reagente NaNO; para cor vermelho. Entretanto, estas reagdes apresentam algumas desvantagens, como
a especificidade para alguns grupos de taninos hidrolisveis e/ou a inviabilidade da execugdo da
técnica numa rotina laboratorial (MUELLER-HARVEY, 2001). Para taninos condensados, destacam-
se as andlises colorimétricas com butanol-HCI e vanilina produzindo antocianidinas vermelhas. Além
disso, para taninos insolUveis, usa-se técnica de ressonancia nuclear magnética de carbono 13 (RMN-
13C). Ensaios enzimaticos e por precipitacdo de proteinas sdo possiveis para analise de taninos. Estes
ensaios tém como principal vantagem refletir o modo biolégico de acdo. Entretanto, depende de
muitas variaveis, principalmente a escolha da enzima ou proteina adequadas (SCHOFIELD et al.,
2001).

Para a triagem de amostras vegetais, técnica como cromatografia em camada delgada (CCD),
considerada simples e acessivel, sdo fundamentais na pesquisa e controle de qualidade de taninos. A
cromatografia liquida de alta eficiéncia (CLAE) também é utilizada para a separacdo de taninos
hidrolisaveis e condensados e, é possivel tanto o0 uso de colunas de fases normais como reversas.
Técnicas mais modernas sdo usadas para determinar a identidade estrutural dos taninos. Destacam-se a
RMN e a espectrometria de massas, sendo a espectrometria de massas por tempo-de-v6o com
dessorsdo a laser assistida por matriz (MALDI-TOF-MS) a mais apropriada devido ao alto peso
molecular das substancias (MUELLER-HARVEY, 2001; SCHOFIELD et al., 2001).

Os ensaios bioldgicos, bioquimicos e quimicos devem ser abordados em conjunto quando se
considera o estudo de taninos. Somente quando se conhece 0 composto ativo e suas propriedades € que
torna possivel a escolha de uma técnica analitica particular e exata (MUELLER-HARVEY, 2001).

Encontram-se varios estudos sobre taninos em diferentes areas. Na determinacdo de método de
avaliagdo quantitativa de taninos (HAGERMAN; BUTLER, 1978; HAGERMAN; BUTLER, 1980a;
PRICE et al, 1980; WILSON; HAGERMAN, 1990; HARTZFELD et al., 2002; CHEN;
HAGERMAN, 2004a; CLOSE et al., 2005), purificacdo de taninos isolados por métodos de
precipitacdo com proteinas (HAGERMAN; BUTLER, 1980b), estudo da forma de interagdo com
proteinas (JUNTHEIKKI et al., 1996; CHEN; HAGERMAN, 2004b; HOFMANN et al., 2006),
atividade antioxidante (HAGERMAN et al., 1998; BARBEHENN et al., 2006), estabelecimento dos
marcadores bioldgicos para o stress oxidativo (ALESSIO et al., 2000; ALESSIO et al., 2002;
ALESSIO et al., 2005; PETERS et al., 2006), relacdo do complexo tanino-proteina e atividade
antioxidante (RIEDL; HAGERMAN, 2001; HAGERMAN et al., 2003), interferéncia dos taninos na
absorc¢do intestinal e no balanco da dieta alimentar (SEIBELS et al., 2003; SKOPEC et al., 2004; CAl
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et al., 2006) e, por fim, avaliacdo da acao de diferentes taninos em cultura de células a fim de elucidar
seu mecanismo bioativo (WISMAN et al., 2008).

Os radicais livres estdo envolvidos no mecanismo de vérias patologias, entre elas o
envelhecimento cutdneo (HIRATA et al., 2004), problemas cardiovasculares (BAGCHI et al., 2003),
agregacdo plaquetaria (FREEDMAN et al., 2001), cancer (LOGT et al., 2005; HERVOUERT et al.,
2007); glaucoma (1ZZOTTI et al., 2006; SZAFLIK et al., 2010). De Bruyne et al. (1999) em sua
reviséo sobre taninos reportaram a importante propriedade antioxidante de taninos condensados, frente
ao DPPH, superdxido anion e o radical hidroxila.

Os taninos demonstram ser potentes antioxidantes. Moreira et al. (2002) demonstraram a
atividade antioxidante in vitro das fracdes isoladas de Pseudopiptadenia contortal Rauschert, sendo
qgue as substancias isoladas acido galico, epicatequina e os galatos de catequina apresentaram
resultados bastante significativos. O efeito antioxidante das proantocianidinas presentes no extrato de
cacau (Theobroma cacao L.) foi avaliado por Osakabe et al. (2000) e Hatano et al. (2002), frente a
peroxidacéo lipidica, obtendo-se resultados positivos. O mesmo foi proposto por Negro et al. (2003)
em seu trabalho com proantocianidinas isoladas do vinho. Masaki et al. (1994) reportaram uma
potente atividade de hamamelitaninos, e &cido galico frente a ensaios quimicos e bioldgicos para a
determinagdo da atividade antioxidante. A avaliacdo de epicatequina, administrada oralmente em
ratos, mostrou que a mesma possui capacidade em promover um aumento das defesas antioxidantes no
plasma dos animais tratados, quando comparados ao controle. Estudo verificou que o
epigalocatequina-3-O-galato, principal catequina do cha-verde, inibe a producdo de proteina
quimiotatica de mondcitos 1 (MCP-1) mediada por TNF-a. Esta proteina é a principal responsavel por
doengas cardiovasculares inflamatoérias (AHN et al., 2008).

Gu et al. (2008) extraiu taninos de alto peso molecular e de baixo peso molecular em
diferentes fracGes do Diospyros kaki L.f. As anélises de LC-MS demonstraram que o &cido galico foi o
principal componente da fragéo de baixo peso molecular e, na de alto peso, foi determinado o intervalo
de 1,16 x 10* a 1,54 x 10* Da. A fracdo de alto peso molecular apresentou atividade antioxidante
fortemente maior que a fracdo de baixo peso em todos os testes realizados (atividade de quelacéo pelo
sistema de oxidacdo 2-deoxirribose e sistema &cido salicilico, atividade de quelacdo do &nion
superoxido e atividade de inibicdo da peroxidacgdo lipidica). Essa fracdo testada in vivo e ex vivo
confirmou a prevencdo da inibicdo da atividade plasmatica da glutationa peroxidase e superdxido
dismutase hepéatica em inducgdo por bromobenzeno (TIAN et al., 2012).

Heim et al. (2002) propds que, embora a capacidade antioxidante seja primariamente atribuida
a alta reatividade das hidroxilas, o arranjo espacial desse substituintes sdo determinantes para o
potencial da atividade antioxidante. Grupos O-metilados pode diminuir o potencial antioxidante
devido ao impedimento estérico ou pela hidrofobicidade e planaridade molecular. Com relagdo ao grau

de polimerizagdo, devido a complexidade estrutural e a diversidade dos taninos, a relacdo estrutura-
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atividade é menos conhecida. De forma geral, sabe-se que dimeros e trimeros de procianidinas séo

mais ativos que flavonoides monomeérica.

2.2.3 Flavonoides

Os flavonoides constituem uma importante classe de polifenois, sendo um dos grupos mais
importantes e diversificados entre os produtos de origem natural e é amplamente distribuido no reino
vegetal. Sdo conhecidos mais de 4200 flavonoides, sendo que o numero de novas estruturas
identificadas particamente dobrou nos ultimos 20 anos. S&o divididas em mais de 10 classes, podendo
citar flavonois, flavonas, flavanonas, antocianidinas, chalconas, flavanois, isoflavonas e outros
(ZUANAZZI; MONTANHA, 2007).

Do ponto de vista estrutural, flavonoides sdo sintetizados a partir dos fenilpropanoides e, a
grande maioria dos compostos dessa classe apresenta 15 atomos de carbono em seu ndcleo
fundamental (Figura 5) (ZUANAZZI; MONTANHA, 2007).

w

Figura 5: Nucleo fundamental dos flavonoides e sua numeragcdo (ZUANAZZI; MONTANHA, 2007 -

mod.).

Os flavonoides podem se ligar a acucares formando compostos O-heterosidicos ou C-
heterosidico. Geralmente, este Ultimo pode ser formado por uma ligagdo agucar-genina nos carbonos 6
e/ou 8 do Anel A. A principal caracteristica é a resisténcia a hidrélise acida nos compostos C-
heterosideo, o que dificulta a quantificagdo de flavonoides totais via algumas técnicas de UV-Vis ou
CLAE. Alguns acucares estdo comumente conjugados com flavonoides, como D-apiose; L-arabinose;
L-ramnose; D-xilose; D-alose; D-galactose e D-glicose. Os flavonoides também podem estar
associados a dissacarideos e trissacarideos (ZUANAZZI; MONTANHA, 2007).

As agliconas sdo, em geral, cristais amarelos soltveis em solventes organicos apolares. Os
heterosideos sdo, geralmente, solliveis em &agua e &lcoois diluidos, mas insollveis nos solventes
organicos. A posicao ocupada pela porcéo agUcar, o grau de insaturacdo e a natureza dos substituintes
influenciam na solubilidade da molécula. A extracdo pode ser feita em etapas, considerando essas
caracteristicas de solubilidade como, por exemplo, primeiro o solvente apolar, para retirar outras

substancias apolares e facilitar a extracdo dos flavonoides; segundo o solvente pouco mais polar
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(cloroférmio, acetato de etila) para extracdo das agliconas livres e, por fim, aumento da polaridade
(acetona, metanol, &gua), para extracdo dos heterosideos. Uma ma estabilizacdo na secagem pode levar
a um falso teor de heterosideo, pois as enzimas podem agir na hidrélise dos compostos (ZUANAZZI;
MONTANHA, 2007).

Assim como nos taninos, varios reagentes podem ser utilizados em ensaios colorimétricos
preliminares (Reacdo de Shinoda, reativo de Wilson, Reacdo com H,O4, Reacdo de Marini-Bettolo). A
técnica de CCD ¢ importante na rotina laboratorial desses compostos (ZUANAZZI; MONTANHA,
2007), porém, métodos de espectrofotometria UV-Vis e CLAE sao frequentemente desenvolvidos para
analises quantitativas de controle de qualidade e, mesmo técnicas mais modernas, como espectometria
de massas e eletroforese capilar (HARBORNE; BOARDLEY, 1984; HASLER; STICHER, 1992;
PIETTA; MAURI, 2001; LIANG et al., 2005; REPOLLES et al., 2006; GRAY et al., 2007; DENG et
al. 2008; SOUZA et al., 2009; HAGHI; HATAMI, 2010; ZERAIK; YARIWAKE, 2010).

A espectrometria de massas ja vem sendo utilizada na analise de flavonoides desde 1970,
porém, em sistemas ndo integrados que incluem bombardeamento atdmico rapidos (FAB-Fast atom
bombardment), desor¢do de plasma (PD-Plasma desorption), ionizacdo quimica (CI-Chemical
ionization) e ionizagdo de eletrons (El-Electron ionization). Somente com a introdugéo das interfaces
de termospray (TSP-Thermospray) e eletrospray (ESI-Electrospray ionization) que foi possivel o
acoplamento da espectrometria de massas com o cromatégrafo liquido (LC-Liquid chromatography) e
permitiu o melhor emprego dessa técnica no estudo de diferentes plantas contendo flavonoides
(PIETTA; MAURI, 2001).

Entre as funcbes dos flavonoides no vegetal, pode-se citar: protecdo da incidéncia de raios
solares, de insetos, fungos, virus e bactéria; atividade antioxidante; controle hormonal; agentes
alelopaticos e inibidores de enzima. Os flavonoides séo utilizados farmacologicamente por apresentar
atividade antioxidante, antitumoral, antinfamatdria, atividade no sistema cardiovascular e atividade
estrogénica (HARBORNE; WILLIAMS, 2000). Além disso, os flavonoides sdo relevante
economicamente, decorrente de suas propriedades como corante, alimenticia e farmacéutica
(ZUANAZZI; MONTANHA, 2007).

Foi comprovada a atividade fotoprotetora do extrato etanélico de Culcitium reflexum Kunth,
atribuida & presenca, principalmente, de flavonoides. O potencial antioxidante dos flavonoides
apresenta-se como o principal mecanismo na fotoprotecdo por agir contra os danos oxidativos
mediados pela radiacdo UV. No extrato etandlico de C. reflexum ambas as atividades, fotoprotetora e
antioxidante, foram correlacionadas (AQUINO et al., 2002).

Os flavonoides estdo relacionados a atividade antitumoral, principalmente dos canceres
hormdnio-dependentes. Foi comprovado que os flavonoides de Humulus lupulus L. é um inibidor da
enzima aromatase responsavel pela sintese de estrogénio e, dessa forma, efetivos na prevencdo de
cancer de mama in vitro (MONTEIRO et al., 2007).
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Tanee (2007) comprovou a atividade estrogénica do extrato acetato de etila das cascas de
Erythrina lysistemon Hutch utilizando ratas ovariectomizadas. Essa acdo foi vinculada a presenca dos
mais de 50 flavonoides conhecidos nessa espécie, sendo esta planta medicinal amplamente utilizada
por mulheres para aliviar os sintomas da menopausa.

Os flavonoides também estdo relacionados as atividades cardioprotetora (BAGCHI et al.,
2003; ZERN et al., 2005), acdo antiaterosclerose (ESTRUCH et al, 2004; GIEHL et al., 2007),
antioxidante, hipolipidemia (HANSEN et al., 2005; CASTILLA et al., 2006; QIN et al., 2009),
inibicdo da funcdo plaquetaria e aumento na liberagdo de 6xido nitrico (KEEVIL et al., 2000;
FREEDMAN et al., 2001; SHANMUGANAYAGAM; FOLTS, 2001; GASPER et al., 2014);
hemostasia (JANSSEN et al., 1998) e anti-hipertensivo de produtos da Vitis vinifera L., seja o0 extrato
das sementes, da casca, pelo suco ou vinho (MADEIRA et al., 2005).

Os flavonoides também sdo 0s responsaveis por aumentar a sensibilidade a insulina em
paciente obesos insulino-resistentes (STULL, 2010) ou em modelos de ratos diabéticos (TAKIKAWA,
et al., 2010; GUPTA et al., 2012); no tratamento de infecgdes urinérias (LAVIGNE et al., 2007); pelo
efeito serotoninérgico e adaptogénico, incluindo neuroprotecdo, cardioprotecdo, antifadiga,
antidepressao, ansiolitico e estimulante do rigor fisico e mental de Rhodiola rosea L. (PANOSSIN et
al., 2010; MANNUCCI et al., 2012). Além disso, ha também a acéo relacionada ao sistema nervoso
central, sendo demonstrado o efeito da Passiflora sp. no tratamento da ansiedade (DENG et al., 2010)
e acdo dual protetiva para epilepsia (SINGH et al., 2012).

Similar aos taninos, os flavonoides apresentam alta capacidade antioxidantes. Hussein et al.
(1987) demonstraram que flavonoides inibem a lipoperoxidacdo in vitro no estadgio de propagacao,
atuando como bloqueadores das reacfes em cadeia provocadas pelos radicais hidroxila. Ensaios
demonstraram que os flavonoides inibem a geracdo do anion superéxido (O2-) catalisado pela xantina
oxidase. Os flavonoides sem grupos en-diol conjugados (ex. apigenina) inibiram a formacdo do anion
pela inibicdo competitiva, enquanto que os flavonoides com grupo en-diol conjugado (ex. luteolina)
inibiram a formac&o de acido Urico pela reduzigdo da enzima catalase (MASUOKA et al., 2012).

Rice-Evans et al. (1997) revisaram a literatura referente a relagdo estrutura-atividade
antioxidante de flavonoides e &cidos fenolicos e verificaram que a insaturagdo no anel C (presente na
guercetina) é importante para uma melhor atividade antioxidante comparado ao Trolox (que reflete a
habilidade do composto doar hidrogénio para a quelacéo de radicais cations) quando comparado com
estrutura com o anel heterociclico saturado (presente na catequina); o grupo hidroxila na posicéo 3,
conjugado com a dupla ligacdo 2-3, é importante para a atividade antioxidante, uma vez que ha
diminuicdo significativa dessa atividade quando essa hidroxila é bloqueada ou removida; a dupla
ligacdo 2-3 ndo € tdo efetiva na doacgdo de hidrogénio quando ndo ha hidroxilas substituidas na posicao
ortodifendlica do anel B; estruturas dihidroxiladas no anel B é mais ativo que as monohidroxiladas;

ésteres de (epi)galocatequinas sdo mais ativos do que a (epi)catequina.
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Pesquisas vém demontrando a acdo de flavonoides, principalmente isoflavonas, sobre o
sistema hormonal por teste in vitro, que sugere efeito sobre a reposi¢cdo 6ssea, reducdo de eventos
cardiacos e risco de cancer de mama pos-menopausa. As isoflavonas demonstram atividade fraca
sobre receptores de estrogénio (RE), sendo de 5 a 20 vezes com maior afinidade pelo RE-f do que o
RE-a (KURUTO-NIWA et al., 2007); extrato de Cimicifuga racemosa (L.) Nutt. apresenta atividade
estrogénica leve pela avaliacdo in vitro de levedura recombinante (Saccharomyces cerevisiae com a
sequéncia do DNA do RE-a humano) (BOLLE et al., 2007); outro estudo com proliferagdo de MCF-7
demonstrou que esta antagoniza o efeito proliferativo do estrégeno, sugerindo uma acao
antiestrogénica (ZIERAU et al.,, 2002); extrato de propolis apresentou efeito estrogénico pela
proliferacdo celular de MCF-7 e efeito uterotropico positivo em ratas Wistar imaturas (SONG et al.,
2002); flavonoides de Mucuna sempervirens Hemsl. apresentaram atividade estrogénica em células
MCF-7 (DU; LI, 2012). Isoflavonas e outros flavonoides também interferem no sistema hormonal via
inibicdo de 38—HSD tipo II (3B-hidroxiesteroide desidrogenase acoplada a AS- A* isomerase) que é
uma enzima chave para a biossintese dos horménios esteroidais (OHNO et al., 2004). Flavonoides
também podem afetar a metabolizacdo de progesterona pelo figado, inibindo a reducdo de
progesterona em 20a«-hidroxiprogesterona pela forte inibicdo da enzima 20a-hidroxiesteroide
desidrogenase (SHIMADA et al., 2005; SHIMADA et al., 2006).

2.3 ANALISE QUIMIOMETRICA E PLANEJAMENTO ESTATISTICO DE MISTURAS

O planejamento estatistico de experimentos foi primeiramente tratado por Fischer em 1958 e é
extremamente Gtil para planejar experimentos, de forma a avaliar os parametros que influenciam
determinadas caracteristicas de interesse, realizando o menor nimero de experimentos necessarios
para um resultado confiavel (TYE, 2004). O planejamento estatitico pode ser dividido em dois temas,
o primeiro, analise fatorial, refere-se quando o problema em questdo é influenciado por fatores do
processo, tais como temperatura, pressdo, tempo, entre outros. O segundo, planejamento de misturas,
aplica-se quando a preocupagdo esta na preparacdo ou modificacdo de misturas (ERIKSSON et al.,
1998). Foi Scheffé (1958; 1963) quem tratou da teoria envolvendo misturas, em que considera-se a
misturas de g componentes cuja finalidade é a previsdo empirica da resposta a qualquer mistura dos
componentes, quando esta depende apenas da proporcdo dos componentes e ndo da quantidade total.
Ou seja, as propriedades de uma mistura depende da proporgdo de seus componentes e a soma de suas
proporcdes é sempre 100%, assim, cada componente da mistura ndo é independente (BARROS
NETTO et al., 2007).

Dessa forma, em uma mistura de g componentes (¢ > 3), na qual x; é a proporcéo (em volume
ou em peso, por exemplo) do constituinte i na mistura, temos:

xi>0(=12..q) x1+x2+..xq=1
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Essa condigdo essencial, introduz algumas diferencas em relacdo aos planejamentos
experimentais convencionais. Entre elas, ndo se pode descrever as regides de contorno da mistura em
termos de quadrados ou cubos, mas normalmente em termos de tridngulos. Outra diferenca é que o0s
termos de uma mistura ndo podem ser analisados separadamente pelo método classico de regresséo
linear maltipla, porém deve-se aplicar métodos de analise de variaveis (ERIKSSON et al., 1998).

O espaco experimental para misturas de dois componentes tera a limitagdo x; + X, = 1, isso
significa que todas as possiveis misturas desses dois componentes podem ser representados pelos
pontos sobre uma reta, assim como esté representado na Figura 6. De forma similar, todas as misturas
possiveis de 3 componentes (X1 + Xz + X3 = 1) podem ser representados por pontos dentro de um
tridngulo equilétero, no qual os vértices correspondem aos componentes puros, as arestas as misturas
binarias e os pontos situados no interior do tridangulo representam misturas dos trés componentes.
Mistura com 4 componentes (X1 + X2 + X3 + X4 = 1) é representado pelos pontos dentro de um tetraedro,
no qual, as faces correspondem a misturas ternarias e 0s pontos no interior do tedraedro, as misturas
quaternarias (BARROS NETO et al., 2007).
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Figura 6: O espaco experimental para misturas de dois (A), trés (B) e quatro (C) componentes,
respectivamente (ERIKSSON et al., 1998).

Em planejamento estatitico é interessante realizar o menor ndmero de experimentos
necessarios para um resultado confidvel. Para planejamentos de misturas com ¢ componentes, 0

numero de experimentos necessarios é igual a 2°-1 (SCHEFFE, 1963). Sendo assim, para um
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planejamento com 4 componentes, teremos 15 experimentos, sendo 4 misturas de componentes puros,
6 misturas binarias, 4 misturas ternarias e 1 mistura quaternaria.

A investigacdo das propriedade de uma mistura inicia-se postulando um modelo para
descrever como uma determinada propriedade de interesse varia em fungdo da composigédo da mistura.
Apos a realizagdo dos experimentos, os dados obtidos s&o coletados e um polinémio com um nimero
de termos a estimar, que pode ser no maximo igual ao nimero de pontos do planejamento, € ajustado.
Os modelos para misturas contendo mais de trés componentes sdo simples extensdes dos modelos para
trés componentes. Para o caso geral de g componentes, os modelos linear, quadréatico e cubico especial

sdo dados respectivamente por:

q
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Onde b representa a resposta esperada para 0 componente puro i e é chamado de coeficiente
linear do componente i, bij € o coeficiente de integracdo entre os componentes i e j, chamado de
coeficiente binario, o termo bij é o coeficiente de integracdo entre os componentes i, j e k, chamado de
coeficiente ternario. Os termos de interacdo de um modelo indicam, quando positivos, efeitos
sinérgicos e, quando negativos, efeitos antagbnicos dos componentes da mistura. O planejamento
experimental para a determinagdo dos coeficientes do modelo cubico especial é chamado de centroide
simplex. A variacdo de uma dada propriedade, com a composi¢do da mistura pode ser descrita por
uma superficie de resposta representada por suas curvas de nivel (BARROS NETO et al., 2007).

Deve-se testar se 0 modelo é ajustado para os dados obtidos, assim, testa-se 0 modelo linear,
caso haja falta de ajute, segue-se para o modelo quadrético e, posteriormente para 0 modelo clibico
especial. A significancia estatistica desses modelos devem ser avaliadas com uma analise de variancia
(ANOVA), na qual, o modelo melhor ajustado é aquele que é significativo e ndo apresenta falta de
ajuste (BARROS NETO et al., 2007).

Caso 0 modelo seja valido pode-se prever as propriedades de uma mistura qualquer sem ter
necessitado realizar mistura alguma. Para se testar a qualidade do ajuste do modelo, realizando-se um
experimento probatério, ou seja, um experimento com uma mistura de componentes que nao foi
utilizado para o desenho do modelo e, assim, compara-se o resultado obtido experimentalmente com o
valor predicto pelo modelo definido (BARROS NETO et al., 2007).

A analise de um grande nimero de medidas, como as obtidas pelo planejamento estatistico de

misturas, pode ser conduzida de forma objetiva pela aplicacdo de métodos quimiométricos, que podem
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reduzir o numero de medidas para tornar mais facil a interpretagdo e visualizagdo dos dados
(BARROS NETO et al, 2002). O objetivo dos métodos multivariados classificados como
aprendizagem ndo supervisionada (dentre eles, a analise de componentes principais e a analise de
agrupamentos hierarquica) é encontrar agrupamentos naturais das amostras num espago p-dimensional
sem a utilizag&o de informagdes a respeito das classes existentes entre as amostras.

A anédlise de componentes principais (PCA — Principal Component Analysis) é, dentre os
métodos quimiométricos, a ferramenta mais frequentemente usada. O seu objetivo é reduzir a
dimensdo do conjunto de dados, detectar amostras andmalas, selecionar variaveis e fazer modelagem
de classificacdo, enquanto simultaneamente retém a informacdo contida nos dados (HAIR et al.,
2009). A PCA transforma as variaveis originais em novas variaveis chamadas de componentes
principais, no qual cada uma representa a combinacéo linear das variaveis originais. O modelo de uma
componente principal no espago de p-varidveis corresponde a uma reta, que deve passar pelo ponto
central da representacdo do conjunto dos dados. Sua direcdo é determinada de modo que 0s desvios
sejam 0s menores possiveis. A primeira componente principal definida explica o maximo de
informacao estatistica, porém, se uma reta ndo for suficiente para descrever os dados, adiciona-se uma
segunda componente principal, que é perpendicular a primeira e contem a maior variancia dos pontos
nesta direcdo. Este procedimento pode ser repetido até p vezes, quando os erros residuais se tornam
iguais a zero (SCARMINIO, 1989; BEEBE et al., 1998).

Para auxiliar na interpretacdo da PCA, os eixos das componentes principais podem ser
rotacionados. A rotacdo varimax, aplicada neste trabalho, gira rigidamente os eixos dos fatores, de
modo que eles se aproximem o maximo dos vetores mais divergentes. Este procedimento maximiza a
variancia dos pesos dos fatores em cada vetor, sob a restricio de que os fatores permanecam
ortogonais (SENA et al., 2001).

A andlise de agrupamentos hierarquica (HCA — Hierarchical Cluster Analysis) é um grupo de
técnicas multivariadas com a finalidade de agregar objetos com base nas suas caracteristicas, ou seja,
classifica objetos de acordo com a semelhanga. O método avalia as distancias entre as amostras com
base na informacdo das varidveis medidas, revelando os agrupamentos naturais existentes no conjunto
de dados. Os agrupamentos resultantes de objetos exibem elevada homogeneidade interna (dentro do
agrupamento) e elevada heterogeneidade externa (entre os agrupamentos). Graficamente, a hierarquia
pode ser representada na forma de um gréafico bidimensional chamado dendograma, no qual as
amostras semelhantes, segundo as varidveis escolhidas sdo agrupadas entre si. Dentre os algoritmos
utilizados na anélise de agrupamentos, o0 método de Ward foi aplicado neste trabalho. Este método, a
similaridade entre dois agrupamentos ndao € uma uUnica medida de similaridade, mas a soma dos
quadrados dentro dos agrupamentos feita sobre todas as varidveis. Esse procedimento tende a
combinar agrupamentos com um pequeno numero de observacdes, pois a soma de quadrados é

diretamente relacionada com o nimero de observacbes envolvidas e, portanto, os padrdes de
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agrupamento refletem agregados com aproximadamente o mesmo tamanho (BEEBE et al., 1998;
HAIR et al., 2009).

Tendo em vista a objetividade de planejamento estatistico de mistura e a possibilidade de
otimizacdo de vérios fatores, essas analises tém sido aplicadas em diversos campos, como na ciéncia,
tecnologia e, particularmente, na inddstria. Martinello (2005) utilizou planejamento de misturas para
determinar composicao de um comprimido de paracetamol por compressao direta com parametros de
qualidade adequados. Soares (2010) avaliou a seletividade do processo extrativo de Erythrina speciosa
Andrews pela mistura de 4 solventes. Ojoe (2008) obteve trés formulacGes de comprimidos de
liberacdo prolongada de teofilina com as caracteristicas desejadas pelo planejamento estatistico de
misturas de trés matrizes hidrofilicas. Miglioranza (2012) utilizou o planejamento estatistico de
misturas com trés componentes para determinar a melhor extracdo de lactonas sesquiterpénicas de
Arnica montana L. em uma formulagéo farmacéutica em gel no preparo da amostra para teste de teor
por CLAE. A utilizacdo de planejamento de misturas para a otimiza¢do de métodos cromatograficos
como a composi¢do da fase movel também é possivel e foi determinada para Camellia sinensis (L.)
Kuntze visando a otimizagdo do perfil cromatogréfico (BORGES et al., 2007; FERREIRA et al.,
2007). Seabra et al. (2012) avaliaram a influéncia de 3 componentes na extracdo em fluido supercritico
de Caesalpinia spinosa (Molina) Kuntze. Diciaula (2012) avaliou o contetdo de polifendis totais
presente em extratos de Schinus terebinthifolius Raddi produzidos pelo planejamento de misturas
ternarias, assim como Lonni et al. (2011) planejaram uma mistura quaternaria para a extragdo de
componentes das cascas de Trichilia catigua A. Juss e avaliaram parametros de qualidade como
rendimento, teor de polifendis e atividade antioxidante. De forma similar, Garcia et al. (2010)
avaliaram as caracteristicas de extratos de Mikania laevigata Sch. Bip. ex Baker produzido pelo

planejamento estatistico de misturas por 5 componentes.

2.4 ASPECTOS MICROBIOLOGICOS
2.4.1 Enterococcus

Os Enterococcus sdo bactérias Gram-positivas, cocos ovais, anaerdébios facultativos que
formam cadeias. A temperatura 6tima para seu desenvolvimento é 35 °C, mas possuem habilidades de
sobreviver a condi¢bes adversas, como temperaturas de 10 a 60 °C, podendo resistir a altas
concentragdes salina e a uma ampla variagdo de pH, até 9,6 (MURRAY, 1990). Por muito tempo
foram considerados pertencentes ao género Streptococcus, somente em 1984 que foi caracterizado o
género Enterococcus que, atualmente possui 54 espécies (EUZEBY, 2016). Os enterococos Sao
comensais e estdo presentes no trato gastrointestinal de seres humanos (representando 1% da
microflora intestinal), assim como de outros animais, bem como em outros tecidos (FRANZ et al.,
1999; POETA et al., 2005; SGHIR et al., 2000).
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Os enterococos tinham pouca importancia, por terem baixa viruléncia e reduzido impacto
clinico, mas desde os anos de 1980 vem emergindo rapidamente como uma das principais bactérias
patogénicas a ameaca hospitalar, sendo que 85% a 90% das infecg¢Oes enterocdcicas sdo causadas pelo
E. faecalis e 10% pelo E. faecium (LECLERCQ, 2009; MURRAY, 2000). Além disso, 0s enterococos
tem grande relevancia como reservatorios de genes de resisténcias a muitos agentes antimicrobianos,
que podem ser transferidos para outros microrganismos mesmo pertencentes a géneros diferentes
(FRANZ et al., 1999).

A resisténcia dos enterococos se deve a varios fatores, dentre eles, a maior resisténcia a
antibidticos, a presenca de facilitadores da sua adesdo em células e matriz extracelular do hospedeiro
(como proteinas e adesinas); habilidade de colonizar o trato intestinal, seu habitat natural, assim como
de aderir a outros epitélios, como o trato urinario, canal vaginal e cavidade oral, entre outros e, além
disso, a sua capacidade de formar biofilmes, que facilita a sua adesdo a superficies inertes (FRANZ et
al., 1999; THOMAS et al., 2009). As espécies E. faecalis e E. faecium sdo agentes de diversas
infecces, tais como bacteriemia, sepse, endocardite, infec¢do do trato urinario, infecgdes de feridas e
meningite neonatal (MURRAY, 1990).

A resisténcia de bactérias a agentes microbianos é conferida pela presenca de genes de
resisténcia que podem estar localizados no cromossoma bacteriano ou em elementos genéticos moveis,
tais como plasmideos, transposons ou integrons, e podem ser pré-existentes ou proveniente de
mutagdes genéticas. Em geral, o mecanismo de resisténcia é baseado em quatro principios principais:
modificacdo quimica de antibidtico com perda da sua atividade; alteracdo do sitio-alvo do antibi6tico;
alteracdo na permeabilidade da membrana bacteriana; ou remoc¢do do antibiético por um tipo de
bomba de efluxo (SANCHEZ, 2006).

De tal forma, a resisténcia de enterococos a agentes antimicrobianos pode ser classificada em
intrinseca e adquirida. Eles sdo intrinsecamente resistentes, por apresentarem genes cromossomais
determinantes dessa resisténcia, a varios antibioticos, como cefalosporinas, a niveis baixos de beta-
lactamicos (penicilinicos), aminoglicosidios (gentamicina e estreptomicina) e clindamicina. Possuem
resisténcia adquirida a eritromicina, cloranfenicol, tetraciclina, além de elevadas concentracdes de
beta-lactdmicos, aminoglicosideos, clindamicina e glicopeptideos (vancomicina), que € oriunda por
meio de mutagdes cromossomais ou aquisicdo de novos genes em elementos moveis (MURRAY,
1990).

Devido a sua resisténcia intrinseca, o tratamento de enterococos consiste na combinagao
sinérgica de um antimicrobiano com acao sobre a parede celular, como uma glicopeptideo ou beta-
lactdmico, com um aminoglicosideo, para se facilitar a entrada deste antimicrobiano na célula
enterococica e proporcionar sua morte (MURRAY, 1990). A vancomicina ¢ um glicopeptideo
indicado para o tratamento de infeccbes graves como endocardites, osteomielites e sepses
(MALATHUM; MURRAY, 1999; MURRAY, 2000). Com a combinacdo de resisténcia intrinseca
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com resisténcia adquirida, as opcOes de tratamento para infeccGes causadas por VRE sdo
extremamente limitadas (BRUIN; RILEY, 2007). Alternativas terapéuticas para essas infecgdes sdo
restritas a antibioticos introduzidos recentemente na préatica clinica, tais como linezolide, tigeciclina e
daptomicina. Contudo, estas medicagdes sdo aprovadas apenas para certas indicacdes e ja tem sido
relatada resisténcia para algumas delas (LECLERCQ, 2009). Vale ressaltar que o crescente aumento
da resisténcia bacteriana, estd ligada a vérios fatores, dentre eles, o uso indiscriminado de agentes
antimicrobianos, que eliminam bactérias sucetiveis, proporciona a emergéncia e disseminagdo de
bactérias resistentes e também de genes de resisténcia microbiano (FRANZ et al., 1999). Além disso,
tem-se notado que o uso crescente de vancomicina no tratamento de MRSA tem resultado em um
aumento significativo de VRE (BRUIN; RILEY, 2007).

Com relacéo a VRE ja existem varios fendtipos de resisténcia a vancomicina caracterizados,
sendo os mais frengentes a vanA e vanB, que estdo localizados em um transposon normalmente
associado a um plasmideo (CATTOIR; LECLERCQ, 2013). Em estudo recente foi mostrado que
genes de resisténcia a vancomicina surgiram antes do uso dos antimicrobianos: os genes vanHAX
foram recuperados de uma amostra de solo sedimentado recolhido no Canada com mais de 30.000
anos. Isso favorece a teoria de que os antibioticos selecionam os microrganismos com resisténcia pré-
existente (D’COSTA et al., 2011).

Os primeiros relatos de VRE surgiram em 1988 em alguns paises da Europa, nos quais se
observou uma forte prevaléncia, em especial da espécie E. faecium (VREfm), na comunidade e casos
raros em hospitais. Este fato é atribuido principalmente a transmissdo de VRE para humanos pela
cadeia alimentar e, essa prevaléncia ao uso de avoparcina (antibiotico glicopeptideo) como promotor
de crescimento em animais criados em confinamento para a industria alimenticia. A avoparcina foi
usada pela primeira vez com essa finalidade em 1975 e proibida em 1997, assim como de outros
antimicrobianos glicopeptideos, como promotor de crescimento pela Unido Europeia, entretanto, os
determinantes de resisténcia ainda persistem (BOGAARD; STOBBERINGH, 2000). Porém, €
importante destacar que enterococos podem sobreviver em condi¢Ges adversas podendo ser
encontrados em outros nichos como solo, dgua, plantas e alimentos (EATON; GASSON, 2002). Por
outro lado, nos EUA, onde o uso de avoparcina nunca foi legalmente permitido em animais destinados
ao consumo alimentar, a vancomicina foi amplamente utilizada no tratamento humano e, o primeiro
caso de VREfm foi registrado em 1989 no meio hospital, e se tornou o principal aspecto de
preocupacdo nosocomial (FRIEDEN et al., 1993).

No Brasil, a utilizacdo de avoparcina foi proibida em 1998, porém outros antimicrobianos
ainda sdo permitidos para uso em animais para a alimentagdo (BRASIL, 2016). No entanto, nota-se
que o maior foco de VRE tem sido no ambiente hospitalar, sendo que o primeiro caso registrado
ocorreu em 1996 no Parana (COSTA et al., 1998) e, em seguida, em 1997 em Sdo Paulo (ZANELLA
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et al., 1999). Diversos trabalhos tem confirmado a disseminagéo de VRE no Brasil, principalmente no
meio hospitalar.

No hospital universitario de Londrina, no Parand, foi avaliado o perfil genético de resisténcia
de isolados VREfm (GOMES, 2013), assim como a prevaléncia de diferentes espécies do género
Enterococcus, ndo apenas de isolados hospitalares, mas também em amostras de queijos (ROCHA,
2012). No interior de S&o Paulo, constatou-se que 122 pacientes de dois hospitais adquiriram VRE
durante o periodo de internacéo, sendo que 86,9% foram caracterizados com E. faecium e 13,1%, E.
faecalis. Fatores de riscos foram correlacionados com o desenvolvimento de infeccdes (CORREA,
2014). Na capital paulista verificou-se a presenca de VRE no ambiente hospitalar com a presenca do
gene vanA (SACRAMENTO, 2015). Na unidade intensiva do hospital universitario de Uberlandia,
verificou-se a presenca de VRE, com predominéncia do fenético vanC (gene cromossomal) e, embora
haja pouca importancia clinica, h& grande preocupagdo por serem reservatorios de gene de resisténcia
(BATISTAO, 2010). Posteriormente, verificou-se a frequéncia de VREfm em 92% dos 171 pacientes
avaliados, sendo que 12,9% desenvolveram infec¢bes por VRE, geralmente urinarias (72%)
(CAMPOS, 2013). Na regido Norte do pais, onde hd uma menor frequéncia de dados publicados,
verificou-se a presenca de trés isolados de E. faecium e um de E. faecalis resistentes a vancomicina
pelo gene vanA, de um total de 38 isolados enterocdcicos analisado provenientes de hospitais da
cidade de Manaus (AZEVEDO, 2013). Na cidade de Natal, avaliaram-se isolados de 116 pacientes
com quadros infecciosos, dos quais 91,4% eram E. fecaelis, destes sendo 58,2% resistente a tetracilina
e 36,7% a estreptomicina. Somente um caso de resisténcia a vancomicina foi detectado em uma
amostra de E. faecium, sendo este o primeiro caso de VRE no Estado do Rio Grande do Norte
(COSTA, 2012). A avaliacdo de 203 isolados de Enterococcus sp. de hospitais em Porto Alegre
demonstrou a prevaléncia de E. faecalis (93,6%) e a baixa resisténca a antimicrobianos como
ampicilina (2,5%), vancomicina (0,5%) e teicoplanina (0,5%) e a moderada resisténcia a gentamicina
(23,6%) e estreptomicina (37,4%) (BENDER, 2008). Porém, outro estudo constatou a presenca de
34% de VRE em 317 isolados hospitalares na mesma cidade (SANDRI, 2004).

Preocupacdo também crescente no meio odontolégico com a presenga de enterococos na
cavidade bucal, relacionado & dificuldade de tratamento endodéntico. Em avalia¢do da saliva de 240
pacientes, observou-se a presenga de enterococos em 16,6%, com diferentes perfis de resisténcia,
sendo 12% VRE (KOMIYAMA, 2008). A andlise de isolados de 38 canais radiculares apresentou
58% de prevaléncia de enterococos, dos quais 27% foram resistentes a diferentes antimicrobianos de
uso odontoldgico (SANTOS, 2014).

Além da prevalénca hospitalar e na comunidade, destaca-se que o0s enterococos sdo bem
distribuidos no ambiente (solo, areia, ambientes aquéaticos) e devido a sua presenca em fezes de
animais e humanos, sdo usados como indicadores de contaminacao para se determinar a qualidade da

agua (BYAPPANAHALLLI et al., 2012). Ambientes aquaticos contaminados podem ser usados para a
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captacdo de agua para o consumo, para atividades agricolas e de recreacdo podendo levar a
contaminacdo por enterococos (LEENER et al., 2005). A presenca de VRE foi verificada em amostras
coletadas da superficies de rios urbanos da cidade de S&o Paulo, assim como na carne de frango
comercializada, sendo que o perfil de resisténcia foi distintos, porém todas as amostras foram
identificadas com o gene vanA (SACRAMENTO, 2015). Analisando o perfil de resisténcia do género
Enterococcus na cadeia alimentar, obtiveram-se 167 isolados enterococos da carne de frango e 127 de
leite pasteurizado comercializados no Rio de Janeiro e observou o predominio de E. faecalis (62,6%),
resisténcia a varios antimicrobianos e inclusive multirresisténcia, no entanto, nenhuma amostra
apresentou resisténcia a glicopeptideos (FRACALANZZA, 2007). Diferentes pontos da Lagoa dos
Patos-RS foram avaliados apresentando enterococos, que indicam os niveis de degradacdo ambiental
devido a carga de poluicdo fecal recebida. Destaca-se que o L. brasiliense coletado para este trabalho é
oriundo das margens da Lagoa dos Patos, préximo da Praia do Cassino, ponto que apresentou baixa
contagem de enterococos (HENKES, 2010).

2.4.2 Staphylococcus

Staphylococcus sdo cocos Gram-positivos em forma de cachos, anaerdbios facultativos,
tolerantes a altas concentra¢fes de NaCl, com temperatura étima de crescimento de 37 °C, sdo imoveis
e ndo formam esporos ou encapsulam. Estes microrganismos sdo comumente encontrados na pele,
glandulas cutneas e membranas mucosas de aves e mamiferos, normalmente em uma relagdo
simbidtica. No homem, sdo comuns na nasofaringe, perineo e pele. Sdo relatadas 52 espécies
pertencentes a este género. O S. aureus é considerado um dos principais patdgenos humanos, sendo
responsavel por processos infecciosos agudos, assim como complicacdes causadas por suas toxinas. E
uma bactéria de grande importancia em infeccbes hospitalares, devido ao seu carater oportunista, sua
viruléncia intrinseca, capacidade de se adaptar a diferentes condi¢cdes ambientais, sendo frenquente em
sitios cirlrgicos, pneumonia e infecgdes sistémicas (EUZEBY, 2016; LOWY, 2003; SANTOS et al.,
2007).

Antes da descoberta dos antibidticos, a mortalidade entre pessoas com bacteremia
estafilococica era em torno de 80%. O advento dos antibidticos mudou drasticamente este cenario,
sendo que nos anos de 1940, a maioria dos S. aureus era sensivel a penicilina. Porém, na década de
1960, 90% dos S. aureus ja apresentavam beta-lactamases (BRAKSTAD; MAELAND, 1997;
CHAMBERS, 1988; LOWY, 2003). A meticilina (um derivado semissintético da penicilina, ndo
degradada pelas beta-lactamases) foi a opcdo de tratamento a Gram-positivos introduzida na década de
1960, mas no mesmo ano do seu lancamento, j& haviam cepas de MRSA. Entdo surgiram as
quinolonas, como a fluoroquinolona, que era inicialmente utilizada para bactérias Gram-negativas e
foram aplicadas contra cepas MRSA, mas logo surgiram cepas resistentes por mutacGes

cromossOmicas espontaneas. A década de 1980 é marcado pela emergéncia de MRSA, apesar do
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grande nimeros de antibidticos disponiveis, a mortalidade por bacteremia estafilococica permanecia
entre 20 a 40%. A opcdo de tratamento foi 0 uso de glicopeptideos, como a vancomicina, porém isso
levou a emergéncia também de cepas S. aureus resistentes a vancomicina, assim como de
Enterococcus (AYLIFFE, 1997; LOWY, 2003).

A resisténcia a beta-lactdmicos é devida, principalmente a dois mecanismos, a producdo de
enzimas denominadas beta-lactamases que inativam o antibi6tico pela quebra do anel beta-lactamico
e, & baixa afinidade da proteina ligadora de penicilina. O mecanismo de resisténcia a meticilina esta
relacionado a essa baixa afinidade das proteina ligadoras de penicilina, que é codificada pelo gene
mecA. Este faz parte de um elemento mdvel, que é parte integrante de um elemento genémico
denominado “cassete cromossomico estafilococos mec”’-SCCmec (LECLERCQ, 2009; LOWY, 2003).

A principal preocupacéo inerente a S. aureus, é relacionada ao meio hospitalar, entretanto,
cepas de MRSA isoladas na comunidade vem sendo cada vez mais frequentes, sendo relacionadas a
infeccBes cutanceas e de tecidos moles em pessoas jovens e saudaveis (GELATTI et al., 2009;
LECLERCQ, 2009; UHLEMANN et al., 2014).

No Brasil, alguns estudos demonstram a problematica hospitalar com MRSA. Na unidade
intensiva do hospital universitario de Uberlandia, verificou-se também a presenca de MRSA e, embora
tenha havido baixa frequéncia de colonizacdo (5,1%), observou-se uma alta taxa de evolugdo para
quadros infecciosos (23,5%) (BATISTAO, 2010). Em hospital universitario de Presidente Prudente,
verificou-se que 54,3% dos pacientes com infecgdes estafilococicas apresentavam cepas MRSA. A
investigacdo em colaboradores assintomaticos, por coletas nas maos e narinas, demonstrou uma
prevaléncia de 27% de S. aures sensiveis a meticilina e 4% de MRSA (BRAOIOS, 2005). Isolados de
S. aureus provenientes de cateteres vasculares central de pacientes do hospital universitario do
Triangulo Mineiro, foram avaliados e 94,7% apresentaram resisténcia a penicilina, 86,8% a
ampicilina, 1 amostra a vancomicina e 46,7% a oxacilina, sendo que desta, 0 gene mecA pode ser
detectado em pelo menos 91% (FARIA, 2008). Isolados estafilococos de 46 amostras do hospital
universitario de Recife demontrou a relacdo de cepas MRSA e sua capacidade de formar biofilme, o
que confere a bactéria a capacidade de aderir e colonizar materiais inertes e protecéo contra defesas do
hospedeiro e antimicrobianos, contribuindo com seu potencial de resisténcia e disseminagdo
(OLIVEIRA, 2009).

2.4.3 Klebsiella

Klebsiella s&o bacilos Gram-negativos com caracteristica auséncia de motilidade e capsulados.
Seu habitat natural € o solo e agua, e podem ser colonizadores do trato gastrointestinal, olhos, vias
respiratorias e sistema genitourinario. Atualmente, o género possui 15 espécies, sendo a Klebsiella

pneumoniae a de maior relevancia humana por ser associada, principalmente, a pneumonia, mas
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também podendo causar infecgBes em outros sistemas como trato urindrio e sistema nervoso central
(ALMEIDA, 2015; EUZEBY, 2016).

Os carbapenémicos, tais como imipenem, meropenem, ertapenem e doripenem, sdo
antibioticos B-lactdmicos com amplo espectro de atividade e agem inibindo a sintese da parede
bacteriana pela ligacdo e inativacdo das proteinas ligadoras de penicilina. Sdo considerados um dos
poucos antibidticos ativos contra enterobactérias resistentes a B-lactdmicos, pois sdo resistentes a
degradagdo da maioria das B-lactamases e apresentam elevada afinidade pelas proteinas ligadoras de
penicilina e excelente permeabilidade na membrana externa. Estes antibidticos tém sido considerados
terapia de escolha pela sua estabilidade, espectro de acdo, poucos relatos de resisténcia e alta
tolerancia pelos pacientes. Entretanto, nos ultimos 20 anos, os indices de resisténcia aos antibioticos
carbapenémicos tém aumentado proporcionalmente ao seu uso, como uma resposta adaptativa das
bactérias (PAVEZ, 2009).

Carbapenemases sdo enzimas f-lactamases capazes de hidrolisar antibidticos carbapenémicos.
Dentre os grupos de carbapenemases, 0 de maior importancia é o grupo Klebsiella pneumoniae
carbapenemases (KPC), chamado dessa forma por ter sido descoberto inicialmente em cepas de K.
pneumoniae, e apesar de serem muito frequentes nesta bactéria, tem sido relatada também em diversas
outras enterobactérias. Isto demonstra a grande capacidade de disseminacdo dos determinantes de
resisténcia, associada a sua localizacdo plasmidial ou a presenca de elementos mdveis de resisténcia
(PAVEZ, 2009).

KPC foi originalmente identificada nos Estados Unidos da América em 1996, e em cerca de
uma década depois, bactérias produtoras de KPC ja haviam sido identificadas em todos os continentes
com alto indices de mortalidade (chegando a 67% dos pacientes KPC-positivos). Surtos hospitalares
de K. pneumoniae produtora de KPC estdo presentes em todos os continentes o que é de grande
preocupacdo epidemioldgica, sendo as infecgdes mais frequentes no trato digestivo inferior (32%),
trato urinario e corrente sanguinea (24%), trato respiratorio inferior (21%) e sitios cirurgicos (10%).
No Brasil, o primeiro caso reportado foi em 2006 em isolados de K. pneumoniae provenientes de
pacientes em unidades hospitalares de tratamento intensivo. Os surtos de infecgdes por K. pneumoniae
produtoras de KPC estdo intimamente relacionados ao contato e, medidas preventivas basicas,
enfatizando a hieginizacdo das méos, podem contribuir para o controle desses surtos (CAMPOS et al.,
2016; HOXHA et al., 2016; KATSIARI et al., 2015; KOFTERIDIS et al., 2014; MUNOZ-PRICE et
al., 2013; NY et al, 2015; WALKER; SHANKARAN, 2016).

O género Klebsiella é um importante agente em infeccbes adquiridas em unidades de
tratamento intensivo neonatal, frequentemente causador de sepse, meningites, infeccBes urinarias,
pneumonia e infecgdes articulares. Em um estudo retrospectivo sobre a prevaléncia de cepas
resistentes a carbapenémicos, verificou-se que 2,6% dos pacientes pediatricos adquiriram infeccGes

em unidades de tratamento intensivo neonatais, sendo destes, 3,6% causadas por cepas de K.
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pneumoniae resistentes a carbapenémicos e a mortalidade deste grupo foi de 16,6%. Fatores de riscos
independentes foram associados as infecgdes, tais como doengas metabdlicas, uso prévio de
antibidticos carbapenémicos e procedimentos cirurgicos prévio (AKTURK et al., 2016). No Brasil,
Almeida (2005) verificou a taxa de infecgdes hospitalares e a identificacdo de Klebsiella chegou a
30% como taxa geral e em torno de 10% em unidades neonatais. A mortalidade em neonatos foi de
11%, sendo todos portadores de cepas multiressistentes.

2.4.4 Perspectivas de novas drogas

Entre os anos de 1940-1960 varios antibidticos foram descobertos por triagens de produtos
naturais antimicrobianos e entre 0s anos 1960 a 1980 surgiram os primeiros antibiéticos
semissintéticos. Os anos de 1940 a 1970 foram o ‘periodo de ouro’ do descobrimento de novos
antibidticos, tanto naturais como sintéticos (SILVER, 2011). Com 0 uso excessivo de antibioticos,
especialmente penicilina, desde 1942, cepas resistentes comegaram a emergir e a se tornar um grave
problema hospitalar. J& no inicio da década de 1970, teve-se que abandonar a crenga de que todas as
infeccOes bacterianas eram trataveis e aos poucos a resisténcia a multidrogas se tornou uma regra entre
determinados microrganismos, tais como estafilococos, enterococos e pneumococos (LOWY, 2003).
Nos anos seguintes, uma grande desaceleracdo no desenvolvimento de novos antibidticos pode ser
observada. A partir de 1980, a genébma e a triagens de cole¢des de compostos passaram a ser usadas na
busca por novos antimicrobianos e, a partir de 2000, poucas drogas foram introduzidas como novas
opgoes de tratamento (GUIMARAES et al., 2010; SILVER, 2011).

OpcOes terapéuticas para patdgenos resistentes a multi-drogas sao extremamente limitados. A
busca por novas drogas, a partir de outros microrganismos e de metabdlitos secundarios de plantas
medicinais, se torna cada vez mais importante. Varias investigacdes tem proposto que polifendis tém
um potencial efeito contra MRSA incluindo a possibilidade de uso em combinag¢Ges com antibioticos a
fim de potencializar sua eficdcia, diminuir a dose antibidtica, e assim reduzir seus efeitos adversos
(DAGLIA, 2012; HATANO et al., 2005; MCDONALD et al., 1997; NAGOSHI et al., 2006).

Os metabdlitos secundarios, presentes em plantas, microrganismos e, em menor escala, em
animais, sdo de grande interesse para a medicina e indlstria farmacéutica, devido a sua grande
variedade de atividades biolégicas (SANTOS, 2007). A maior parte dos antibiéticos em uso clinico
sdo provenientes do metabolismo secundario microbiano ou sdo seus derivados semissintéticos
(GUIMARAES et al., 2010). Por outro lado, cerca de 25 a 50% dos produtos farmacéuticos
comercializados sdo fitoterdpicos ou tiveram origem em plantas medicinais, no entanto, séo
praticamente inexistente suas indicagdes como antimicrobianos. Vérias classes de compostos de
origem vegetal tem sido amplamente reportadas com efeito antibacteriano, dentre elas, estdo as
substancias fenodlicas e polifendlicas, como as quinonas, flavonoides e taninos. A acdo antibacteriana

de taninos € relacionada a sua capacidade de complexacdo com proteinas, seja por pontes de
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hidrogénio ou ligagBes covalentes, inativando as adesinas, enzimas e proteinas envolvidas no
transporte microbiano, normalmente localizadas na parede celular. E importante ressaltar que além da
grande diversidade de substancias biologicamente ativas de origem vegetal, o interesse da populacdo
por estes antimicrobianos também é crescente, devido a conscientizagdo dos problemas com a
prescricdo excessiva e uso indevido de antibidticos tradicionais (COWAN, 1999).

Pesquisas tém reportado a acdo de produtos naturais contra Gram-positivos, entretanto, parece
ser poucos que reportam a acdo contra cepas resistentes. As folhas de Cinnamomun sp.,
tradicionalmente utilizado para infec¢bes cutaneas, demonstrou relativa atividade in vitro contra cepas
MRSA (MIC=19,5 pg/mL) (BURU et al., 2014). Em uma triagem com extratos de 10 diferentes
plantas, apenas a Syzygium cumini (L.) Skeels, com presenca caracteristica de flavonoides e taninos,
apresentou potencial antibacteriano contra S. aures multirresistente (Inibicdo por difusdo em disco <
7,0 mm) (NASCIMENTO et al., 2000). Um alcaloide isolado de Nuphar japonicum DC, identificado
como 6,6'-dihidroxitiobinufaridina, apresentou MIC entre 1 a 4 ug/mL contra vérias cepas de MRSA e
VRA podendo ser um candidato potencial para o desenvolvimento de um novo agente antibacteriano
(OKAMURA et al., 2015). Triagem com 168 extratos a partir de 104 espécies vegetais demonstrou
que plantas etnofarmacologicamente aplicadas para infec¢des cutneas e em tecidos moles, tais como
Lonicera alpigena L., Castanea sativa Mill., Juglans regia L., Ballota nigra L., Rosmarinus officinalis
L., Leopoldia comosa (L.) Parl., Malva sylvestris L., Cyclamen hederifolium Aiton, Rosa canina L.,
and Rubus ulmifolius Schott, apresentam bom potencial de inibicdo de biofilmes formados por MRSA
(ICso < 32 pg/mL) (QUAVE et al., 2008). Triagem com extratos aquosos de 30 plantas indianas
avaliou o potencial contra S. aures e E. faecalis e demonstrou o potencial antibiéticos (halo de difusdo
12 a 26 mm e MIC 0,39 a 36,0 pug/mL) de diversas plantas usadas tradicionalmente para essa
indicagdo (SAHU et al, 2015). Extratos de 19 plantas chinesas demonstraram boa atividade bacteriana
contra MRSA (MIC = 1,25 - 3,07 pg/mL) (ZUO et al., 2008). Extrato de Piper betle L. demonstrou
potencial contra cepas de S. aureus multirresistentes (MIC = 312,0 - 625,0 pg/mL) (VALLE et al.,
2015), assim como flavonoides isolados de Desmodium caudatum (Thunb.) DC. contra MRSA (MIC =
31,3 - 250 pg/mL) (SASAKI et al.,, 20012). O efeito protedmico e antibacteriano sinérgico de
epicatequina galato foi demonstrado em cepas de K. pneumoniae resistentes a imipenem e o célculo da
concentragdo inibitoria fracional apresentou valores inferiores a 0,5 (CHO et al., 2011).

Embora o0 uso de produtos naturais seja ancestral e haja diversas pesquisas sobre sua acdo
antibidtica, estudos clinicos randomizados e controlados ainda sdo escassos, seja com cepas sucetiveis
ou resistentes (MARTIN; ERNST, 2003). Apenas dois estudos clinicos de formulages topicas a partir
de 6leo de Melaleuca alternifolia (Maiden & Betche) Cheel e extrato de Atuna racemosa Raf. foram
encontrados e reportam a eficicia e seguranca no tratamento contra MRSA (BUENZ et al., 2007;
CAELLI et al., 2000).
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3.1 OBJETIVO GERAL

Realizar o controle de qualidade farmacognostico a fim de estabelecer pardmetros minimos de
qualidade para os rizomas de Limonium brasiliense (Boiss.) Kuntze, bem como desenvolver e validar
método quantitativo de controle de qualidade de extrato vegetal por cromatografia liquida de alta
eficiéncia. Avaliar as caracteristicas de extratos produzidos por planejamento estatisticos de misturas
(centroide simplex), assim como seu potencial antibacteriano em cepas drogas-resistentes. Isolar
substancias polifenolicas presentes em fragcGes semipurificadas por técnicas cromatograficas e
identificar seus componentes por espectroscopia de ressonancia magnética nuclear e espectrometria de

massas.

3.2 OBJETIVOS ESPECIFICOS

Realizar o controle de qualidade farmacogndstico, incluindo as analises granulométrica, perda
por dessecacdo, cinzas totais, residuo seco, teor de polifendis, perfil cromatografico e potencial
antioxidante de amostras de rizomas de L. brasiliense.

Desenvolver e validar método quantitativo de controle de qualidade para a fracdo acetato de
etila do extrato bruto acetona:agua (7:3, v/v) em CLAE com detector de arranjo de diodos (DAD).

Preparar extratos por planejamento estatistico de misturas com quatro componentes/solventes
(dgua, metanol, acetona e etanol) e avaliar o ajuste dos modelos estatisticos sobre os parametros de
residuo seco, teor de polifendis totais, teor de galocatequina e epigalocatequina. Assim como, avaliar a
PCA e HCA dos perfis cromatogréaficos e espectros de UV.

Avaliar a atividade antibacteriana dos extratos provenientes do planejamento estatistico de
misturas contra Enterococcus faecium resistente a Vancomicina (VREfm), Staphylococcus aureus
resistente a Meticilina (MRSA) e Klebsiella pneumoniae produtoras de carbapenemases (KPC) por
modelos in vitro de determinagdo da concentracdo minima inibitoria (MIC).

Isolar e elucidar estruturas dos constituintes dos extratos e fragfes semipurificadas por
técnicas de separacdo cromatograficas e elucidacdo estrutural das substancias por ressonancia

magnética nuclear (RMN) e espectrometria de massas (LC-DAD-MS).

Dessa forma a tese foi organizada em trés capitulos em forma de artigos, a saber:

Capitulo 1: Avaliagdo farmacogndstica, desenvolvimento e validacdo de método por CLAE-DAD
para teor de galocatequina e epigalocatequina em rizomas de L. brasiliense

Capitulo 2: Atividade antibacteriana de L. brasiliense contra bactérias multirresistentes usando
planejamento estatistico de misturas

Capitulo 3: Estudo fitoquimico de rizomas de L. brasiliense



CAPITULO 1: Avaliacdo farmacognostica, desenvolvimento e validacdo de método por

CLAE-DAD para teor de galocatequina e epigalocatequina em rizomas de L. brasiliense

Este artigo consiste na descricdo de parametros de controle de qualidade farmacogndstico, assim como
o perfil cromatografico por CCD and CLAE de substancias fenolicas de amostras de rizoma de L.
brasiliense coletadas em diferentes épocas. Também foi demonstrado os dados de desenvolvimento e
validacdo do método analitico de doseamento de galocatequina e epigalocatequina por CLAE. O artigo

foi aceito para publicag&o na Revista Brasileira de Farmacognosia (Anexo 1).

Chapter 1: Pharmacognostic evaluation, and development and validation of a HPLC-DAD

technique for gallocatechin and epigallocatechin in rhizomes from Limonium brasiliense

This paper describe the parameters of pharmacognostic quality control, as well as the
chromatographic fingerprint by TLC and HPLC of phenolic compounds from rhizomes of L.
brasiliense of different samples. It is also showed the data about the development and validation of
HLPC method of gallocatechin and epigallocatechin assay. The paper was accept to publication by

Brazilian Journal of Pharmacognosy (Annex 1).
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Pharmacognostic evaluation, and development and validation of a HPLC-DAD technique for
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Abstract: Limonium brasiliense is a plant from the southern coast of Brazilian that is used for the
treatment of premenstrual syndrome, menstrual disorders and genito-urinary infections. The aim of the
present study was to determine the quality control parameters for rhizomes collected during different
periods by pharmacopoeial and non-pharmacopoeial methods, and to develop and validate a HPLC-
DAD method for quantitative control of marker substances. The measured parameters were:
granulometric analysis (dso= 0.21 to 0.48 mm), loss on drying (11.1 to 12.4%), total ash (4.9 to 5.7%),
dry residue by extraction with acetone:water (7:3, v/v) (30.6 to 39.5%), total polyphenol content (8.5
to 15.8%), and chromatographic fingerprint by HPLC and TLC. Besides, the acetone:water (7:3, v/v)
extraction solvent in combination with a turbo-extractor, yielded the crude extract with a significant
increase in tannins (Fa20= 37.0, p < 0.001). The antioxidant potential of the crude acetone:water (7:3,
v/v) extract, as well as the ethyl acetate and water fractions obtained after the partition process was
evaluated by DPPH and the results were, respectively: ICs =6.87, 5.91, and 6.92 pg/mL. The
validation parameters for the HPLC-DAD method showed adequate specificity, precision and
accuracy. The gallo- and epigallocatechin contents were, respectively, 0.8 to 2.7% and 1.2 to 2.2%.
These data contribute to analysis of the pharmacognostic quality control of the commonly used part

from this species.

Keywords: Baicuru, Limonium brasiliense, pharmacognostic evaluation, quality control, HPLC-DAD.
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Introduction

Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) is a perennial herb that grows in
Argentina, Uruguay and the southern coast of Brazil. It is popularly known as “baicuru” or “guaicuru”
(Murray et al., 2004). Preparations of their dried underground parts have been used in the treatment of
premenstrual syndrome, menstrual disorders and genito-urinary infections (Fenner et al., 2006).
Because of its traditional use, a clinical study was conducted to test the association of a liquid extract
from L. brasiliense and the analgesic paracetamol in 36 women with symptoms related to menstrual
disorders including dysmenorrhea, leucorrhea or amenorrhea. The improvement was excellent in
83.3% and good in 13.9% of the women, only 2.8% of them considered a regular improvement for this
treatment. The treatment time varied between 11 and 50 days (Jahns and Crescente, 1976). Studies
also report that these extracts have biological activities such as bacteriostatic, anti-inflammatory and
antioxidant effects, and a toxicological evaluation of the extract demonstrated a low toxicity
(Antonelli-Ushirobira et al., 2015). The presence of hydrolysable and condensed tannins,
leucoanthocyanins, flavonoids, p-sitosterol, saponins, and coumarin have been reported in L.
brasiliense (Murray et al., 2004). A recent morpho-anatomical study resolved some doubts in the
literature as to the nature of the part used for medicinal purposes and defined its structure as the
rhizome (Antonelli-Ushirobira et al., 2015).

One of the main complications of phytomedicine studies is the complexity of the process to
evaluate natural products, because their quality and compounds characterization is difficult and
differences may be induced in the pharmacokinetic, pharmacodynamic, and safety profiles (Nisbet et
al., 1997). In addition, the chemical constituents of medicinal plants may vary according to genetic
factors, weather, soil quality and other external factors (Gobbo-Neto and Lopes, 2007). This way,
without suitable quality control parameters for the production of medicinal plants in order to obtain
herbal drugs, it is impossible to ensure the reproducibility between different batches, or to assay for
the absence of contaminants. Therefore, chemical, physical and physicochemical methods, as well as
modern analytical methods, should be used to help define the features of natural drugs, in order to
recognize and understand their possible variations (Gobbo-Neto and Lopes, 2007; Schulz et al., 2004).
Tannins seem to be a featured chemical class present in L. brasiliense, however they are often present
as complexes with other structures and the analytical data depends on several factors such as sample
preparation, storage and extraction technique (Mueller-Harvey, 2001; Schofield et al., 2001).

In order to guarantee the safety and effectiveness of the phytotherapies, analytical methods for
content determination are an integral part of the quality control of the source material. The
determination of quality control parameters for plant drugs and extracts with high tannin content is
complicated due to the structural complexity of this class. Frequently the biological, biochemical and
chemical procedures must be conducted in concert. Although high-performance liquid

chromatography methods are usually conducted according to the most common laboratorial routine, its
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reliability requires an efficient process of development and validation (Lopes et al., 2009; Mueller-
Harvey, 2001).

The purpose of the present study was to evaluate pharmacopoeial and non-pharmacopoeial
parameters, and to develop and validate a high-performance liquid chromatography method for the
determination of gallocatechin and epigallocatechin from L. brasiliense rhizomes.

Materials and Methods
Plant material

Rhizomes of Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) were collected in Rio
Grande, in the state of Rio Grande do Sul, Brazil (S 32° 09’ 22”/W 52° 06’ 01”) in May 2006 (sample
A), (S 32°00° 00”/W 52°09° 00”) May 2010 (sample B), and (S 31° 59° 33”/W 52° 10’ 43”) February
2013 (sample C). Voucher specimens were deposited at the Herbarium of the State University of
Maringd under numbers HUEM-12151, HUEM-21152, and HUEM-27725, respectively. The plant
material was collected under a permit from IBAMA-SISBIO, No. 11995-2, July 5, 2007, and 11995-3,
November 2, 2010, authentication code 46367613, under the responsibility of J. C. P. Mello. Access to
the botanical material was authorized and licensed by the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq), registered under No. 010252/2015-0. The plant materials were
cleaned with water to remove soil, dried in a circulating-air oven (37 + 2 °C), and powdered in a
hammer mill (Tigre ASN-5).

Extract preparation

The crude extract (CE) was prepared from the dried rhizomes (samples: A - 0.63 kg; B - 5.6
kg; C - 5.0 kg) using an acetone:water solution (7:3, v/v, 10% w/v) and an Ultra-Turrax (UTC115KT,
Wilmington, NC, USA; 3000 rpm, 4 times x 5 min, t < 40 °C). Next, the extract was filtered, the
organic phase was removed in a rotavapor (Biichi R-135) and the residue was lyophilized (Christ
Alpha 1-4) to yield the CE (A - 43.3%; B - 28.3%; C - 27.6%). The CE was solubilized in water in the
proportion of 10% (w/v) and partitioned with ethyl acetate (10 times with the volume of water). The
ethyl acetate (FAE) and aqueous (FAQ) fractions were concentrated and lyophilized as previously
described to yield, respectively, FAE (A - 9.2%; B - 11.6%; C - 10.4%) and FAQ (A - 83.0%; B -
82.4%; C - 72.4%).

HPLC Method

High-performance liquid chromatography (HPLC) was conducted on an Agilent Model 1290
Infinity instrument with an Agilent Zorbax C-18 (250 mm x 4.6 mm) 5 um column. The mobile phase
was composed of water:concentrated phosphoric acid (100:0.2, v/v, Solvent A) and

acetonitrile:concentrated phosphoric acid (100:0.2, v/v, Solvent B) and used in the following elution
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gradient: 0 min 10% B; 15 min 15% B; 35 min 19% B; 36 min 80% B; 44 min 80% B; 45 min 10% B;
52 min 10% B. The oven temperature was controlled at 24 °C (0-18 min), 35 °C (18-45 min), and 24
°C (45-52 min). The flow rate was 0.4 mL/min, and the injection volume was 10 pL. The detection
was by UV in 210 nm and DAD (200—400 nm) was employed for determination of peak purity. The
FAE samples were prepared in methanol:water (1:1, v/v) at 200.0 pg/mL with the help of an ultrasonic
bath for 10 min and filtered (Millipore Milex-HV 0.45 um) prior to injection. Reference substances
(gallic acid, gallocatechin, catechin, epigallocatechin, epicatechin, and ellagic acid, Sigma) were
prepared in methanol:water (1:1, v/v) and injected into the HPLC instrument to identify the possible
substances present in FAE samples by the comparison of retention times (RT), absorbance spectrum
and increase to peak area with the addition of reference solutions in sample solution (spiked sample),

as well as the concentrations of these present substances in the FAE for extern standard.

Validation of the HPLC Method

For validation of the analytical method, the guidelines established by the International
Conference on the Harmonization of Technical Requirements for the Registration of Pharmaceuticals
for Human Use (ICH, 2005) and by Brazilian regulation RE No. 899/2003 of the National Health
Surveillance Agency (ANVISA, 2003) were employed. The FAE from sample C was used to test the
validation parameters.

Linearity between the peak area and concentration was analyzed using three calibration curves
obtained from reference solutions of gallocatechin (GC) and epigallocatechin (EGC) at five different
concentrations in the range of 3.4 to 5.1 pg/mL and 3.2 to 4.8 ug/mL, respectively.

Specificity was determined by peak purity (> 0.99) of GC and EGC peaks from the sample
solution. The DAD detector was employed. In addition, the sample solution was stored under relevant
stress conditions (acid/basic hydrolysis, heat, oxidation and light) to promote the partial degradation of
the sample and to show by the peak purity if the analyzed chromatographic peak could be attributable
to only one component. For each condition, ca. of 2 mg of FAE was weighed into a 10 mL volumetric
flask. For acid stress, 1 mL of 2 M HCI was added, and after 4 hours at room temperature it was
neutralized with 1 mL of 2 M NaOH. For basic stress, 1 mL of 0.1 M NaOH was added, and after 3 h
at room temperature it was neutralized with 1 mL of 0.1 M HCI. For heat stress, the FAE was stored in
an oven at 60 °C for 40 h. For oxidation stress, 1 mL of 30% H,0, was added and stored for 40 h at
room temperature. For light stress, two sample, one in amber flask and other in transparent flask, were
for 14 h in photostability chambers (Weiss, model Pharma 500-L). After all above procedure, the
samples were diluted with methanol:water (1:1; v/v) to the concentration of 200.0 pg/mL and
submitted to HPLC conditions.

The limits of detection (LOD) and quantification (LOQ) were determined from the calibration
curves of the GC and EGC. The LOD was established by using the expression 3c/S and LOQ by
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expression 10 o/S, where ¢ is the standard deviation of the response and S is the slope of the
calibration curve.

Precision was evaluated on two levels: repeatability (intra-day) and intermediate (inter-day).
The test of repeatability was carried out using three samples of the FAE at 80% (ca. 1.60 mg), at 100%
(ca. 2.00 mg) and 120% (ca. 2.20 mg) in a 10 mL volumetric flask. For intermediate precision, the
same procedure was performed on at least two different days on another HPLC instrument of the same
model. Repeatability and intermediate precision were expressed as the residual standard deviation
(RSD%) of the concentrations of GC and EGC in the dried FAE. A RSD% over 10% was considered
unacceptable for the complex matrix.

The accuracy of the method was established based on the GC and EGC recovery tests using
the addition of standard. The sample solutions were prepared from 1.00 mg of FAE in a 10 mL
volumetric flask (50% of the normal preparation). The accuracy was assessed at three different levels
in three replicates. A defined volume of reference solution equivalent at 12.72 pg of GC and 12.03 ug
of EGC was added for the lower concentration (LC); at 21.22 ug of GC and 20.08 pg of EGC for the
intermediate concentration (IC), and at 29.66 pg of GC and 28.06 pug of EGC for the higher
concentration (HC). The known concentration was determined (based on assay of FAE by precision
parameter) and the measured value was compared with the theoretical value. The accuracy was
assessed as the recovery percentage and the method was considered accurate if the recovery
percentages were between 85 and 115%.

Robustness was determined by comparing sample solutions that were analyzed under the
established conditions and by changing the following parameters: from oven temperature gradient to a
constant temperature at 24 °C and 35 °C, and eluent flow from 0.4 mL/min to 0.6 mL/min. In addition,
the stability of the sample solution was assessed after 30 h at room temperature and in the injector at
10 °C.

Pharmacognostic quality control assays

The granulometry of the powder was measured by sieves of mesh sizes 150, 180, 212, 300,
600, and 850 um (Bertel AGT-01) according to the method described by Brazilian Pharmacopeia
(2010) and the median diameter (dso) could be determined by the point of intersection of the curve of
the percentage of residue fraction and percentage of passage fraction. The levels of total ash and loss
on drying were determined according to methods described by the Brazilian Pharmacopeia (2010).
The total polyphenol (TP) content was determined for milled rhizomes according to the method
described by Glasl (1983). The milled rhizomes (20.0 g) from samples A, B, and C were extracted
with acetone:water (7:3, v/v) by turbo-extraction (Ultra-Turrax® UTC IKA-125, 4 x 5 min, t <40 °C)
in the proportion of 10% (w/v). The extraction solutions were filtered and transferred to a volumetric
flask and diluted to 200 mL. Portions of these solutions were used in the dry residue test according to

the German Pharmacopeia (2015). The TP content expressed in pyrogallol was analyzed in the CE
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(from samples A, B, and C) by spectrophotometry according to the method described by Blainski et al.
(2013). The FAE (from samples A, B, and C) were analyzed by HPLC method to compare their
chromatographic fingerprints and determine the GC and EGC contents. For thin-layer chromatography
(TLC), the CE, FAE (samples A, B and C) and reference substances (gallic acid and gallocathechin —
GA and GC, respectively) were prepared in methanol in the concentration of 40 mg/mL, 10 mg/mL
and 1 mg/mL, respectively; sample solutions were 5 min in ultrasonic bath and followed to
centrifugation (3 mim, 13,400 rpm, Eppendorf MiniSpin); 40 pL of each samples and 10 pL of
reference substances were applied in glass plate (TLC Silica gel 60 F254, 20 x 20 cm, Merck) by
automatic Sampler (Camag); the eluation was with ethyl acetate:formic acid anhydrous:water (90:5:5,
v/v) for 15 cm; after drying, the TLC was sprayed with ferric chloride, hexahydrate, 1% in methanol

(w/v) and the image was captured by in TLC Visualizer (Camag, system Vision Cats).

Comparison of extracted liquid and selective for tannins

Sample A extracts were prepared according to the previously described in extraction
preparation with a series of different solutions: hydroethanol 50°GL (Extract A); hydroethanol 70°GL
(Extract B); hydroethanol 90°GL (Extract C) and methanol: water (1:1, v/v) (Extract D), as well as
acetone: water (7:3, v/v) (Extract E). The extracted solutions were used to determine dry residue
(German Pharmacopeia, 2015), and CEs were obtained from remaining solutions and used to
determine the TP and total tannin (TT) contents (Glasl, 1983). These results were used to compare
different extraction solutions and to determine which is more selective for tannins in the context of the

turbo-extraction process.

Antioxidant potential
Sample B was used to determine the free-radical scavenging capacity of the CE, FAE, and
FAQ according to the method described by Amarowicz et al. (2004).

Statistical analysis

Data were analyzed by the Statistica® 8.0 program (Copyright StatSoft, Inc. 1984-2007) by a
one-way analysis of variance (ANOVA) followed by Tukey’s test considering p < 0.05 as the
significance level, as well as the t-test for two groups considering p < 0.05 as the significance level.
Results were expressed as mean * standard deviation [residual standard deviation (RSD%)]. To
determine the linearity of the method, line correlation tests and residual analysis were made by simple
line regression considering R? values equal or greater than 0.99 and the residual sum of squares was

evaluated.
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Results and Discussion
HPLC Method Development

The extraction of the target phenolic compounds was performed by liquid-liquid extraction
with ethyl acetate. The purification by solid-phase extraction (SPE C8 - 55 um, 70 A) was tested and
the results demonstrated no difference in the chromatographic profile, for this reason, the solid-phase
extraction was not employed for preparation of samples The choice of the detection wavelength is a
crucial step in developing an efficient method. The spectra for all the main peaks were investigated by
use of the DAD detector; the main peaks of chromatogram profile had a great absorbance at 210 nm
(data not shown). In addition, the detection wavelength of 210 nm obtained a sufficiently large number
of detectable peaks in the chromatograms. The choice of the C-18 column was based on previous data
from the study of phenols (Lopes et al., 2009; Rosenthal et al., 2014; Soares et al., 2004), and there is
a preference for a stable column in the acidic pH (1-6) range, considering the acidic mobile phase. For
the composition of the mobile phase, acidification with 0.05% (pH = 2.21) and 0.1% (pH = 1.93)
trifluoroacetic acid, 0.2% formic acid (pH = 2.47) and 0.2% (pH = 1.94) and 0.4% (pH = 1.78)
phosphoric acid were tested. Acidification with 0.2% phosphoric acid demonstrated a suitable
separation of compounds. The spectra for all signals were recorded in the range of 200-400 nm; this
allowed for the determination of the suitable purity peak for all eight major peaks (> 0.99) and suggest
the identification of three substances by spectral similarity, RT and spiked sample with the reference
substance: GA (RT = 9.9 min), GC (RT = 13.1 min), and EGC (RT = 17.8 min). The GC and EGC
were chosen for the validation procedures. The others major peaks (RT = 18.4; 22.9; 25.8; 29.4, and
32.0 min) showed characteristic spectra for condensed tannins with a absorption band at round 275 nm
and a shoulder at 305 nm, commonly attributed, respectively, to the A-ring and B-ring from the
flavan-3-ols and flavan-3,4-diols units (Vihakas, 2014). Figure 1 shows the obtained the spectra and
chromatographic profiles. The HPLC method carried out in this study was aimed at developing a
chromatographic system capable of eluting and resolving phenolic compounds in plant materials. The
preliminary investigations were directed toward evaluating the effect of various factors on the system.
The factors assessed include sample purification, detection wavelength, the column type, and the
composition of the mobile phase. The elimination of high molecular weight phenolic compounds from
the plant extract is critically important, because of the interaction of these compounds with the
stationary phase. This interaction can seriously damage the analytical column, interfering with the

chromatographic process (Lopes et al., 2010).

Validation of the HPLC Method
The calibration equation in the linearity test was y = 1.44-10% + 1.2-107 (n = 3, r? = 0.9980)
for GCandy = 1.41-108 + 1.0-10" (n = 3, r2= 0.9950) for EGC. The RSD% of the slopes was 2.3 and

1.8% for GC and EGC, respectively. Table 1 shows the statistical data for the regression equations
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with analysis of variance and lack of fit calculations for calibration curves of GC and EGC. The
calibration curves are adequate for assay determination and statistical data comply with all
requirements for linear regression: calculated F-value is lower than critical F-value, as well as the lack
of fit error than sum of pure error, and the ANOVA test is significant.

The specificity of the method was shown by comparing the UV spectra of GC (13.1 min) and
EGC (17.8 min) in the reference solution with those from the test solution. The purity of the GC, EGC,
and six other main peaks was suitable (> 0.99). The degradation of both peaks was suitable for the
acid, heat and oxidation and light stress conditions, because they provided the partial degradation, by
which was allowed the reliable analyses of the peak purity of the remaining GC and EGC (Table 2).
On the other hand, the sample appeared to be very sensitive to the basic condition and there was
almost complete degradation of the GC and EGC peaks even under more mild conditions. However, it
seems that substances resulting from the degradation induced by basic stress do not interfere with the
retention times for GC and EGC. Thus, the chromatography method is considered specific for assay of
GC and EGC.

The LOD is defined as the lowest absolute concentration of analyte in solution that can be
detected but not necessarily quantified under the stated experimental conditions and was 0.161 pug/mL
for GC and 0.238 pg/mL for EGC. The LOQ is defined as the lowest concentration of analyte in
solution that can be quantitatively determined with acceptable precision and accuracy. It was 0.536
pg/mL for GC and 0.793 pg/mL for EGC.

The repeatability and the intermediate precision for sample were 2.7% + 0.086 [3.2%] and
2.8% £ 0.042 [1.5%] for GC, and 2.2% + 0.126 [5.8%] and 2.3% + 0.085 [3.7%] for EGC,
respectively. By t-test, there was no significant difference (t1,16 = -1.85, p = 0.08) for EGC between the
results of repeatability and intermediate precision analyses. On the other hand, there was a significant
difference (t1,16 = -2.80, p < 0.05) for GC, but the low RSD% (2.9%) for the mean from all samples of
GC (2.8% £ 0.080 [2.9%]) showed suitable data for the complex matrix, so it is considered, that the
method is precise for both substances.

The accuracy of the method was established based on the recovery test for GC and EGC. The
mean recovery rate was 102.3% + 1.54 [1.5%] for GC and 99.7% * 1.93 [1.9%] for EGC (Table 3).
The result is according to the accepted criterion, thus the method has excellent accuracy for herbal
drugs.

To ensure that the HPLC method is insensitive to minor changes in experimental conditions, it
tests the robustness parameters. When the oven temperature was changed from a gradient to a constant
temperature of 24 °C, the resolution retention time (RT) and peak area of the GC and EGC had no
significant change. However, the chromatographic profile after 25 min and resolution of these peaks
was changed. At a constant temperature of 35 °C, there were alterations in the RT of GC and EGC,

and the resolution between EGC and peak at 18.4 min was lost completely. When the eluent flow was
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changed to 0.6 mL/min, this changed the RT of the main peaks, including for GC and EGC. The
resolution for some peaks was also lost, but there was no significant change in peak area for GC and
EGC. Regarding the stability of the sample solution, no difference was observed for the samples left in
the injector at 10 °C for 30 h. However, there was a significant content decrease of GC (ca. 12%) at
room temperature. These results demonstrated, that it should procedure the method under determinate
conditions and some change can induce to problems with chromatographic profile and resolution.

Pharmacognostic quality control assays

The results of pharmacognostic quality control assays from milled rhizomes (granulometry,
total ash, loss on drying and total polyphenols), CE (dry residue and TP), and FAE (GC and EGC) in
samples A, B, and C are presented in Table 4.

Sample B has a TP rhizome lower than that of the other samples, but this seems to have no
substantial differences among the samples in relation to the dry residue and TP in the CE. The dso
determined from the curves shows a value substantially lower for sample B (0.21 mm) in relation to
the other samples (0.42 mm and 0.48 mm). However, this lower diameter did not seem to influence the
extraction yield, presumably because it is a turbo-extraction process, where happens the breaking of
particles. The granulometric distribution is an important factor in obtaining plant extracts, mainly
because the extraction yield is closely related to the surface area and particle size in contact with the
extraction liquid. Studies to determine the existence of positive and negative influences from the dso
on extraction yield are possible through factor analysis (Delaporte et al., 2001; Mello and Petrovick,
2000).

The total ash results range between 4.9% and 5.7% from the three different samples show
good consistency for the total ash determination for this species. Total ash is a measure of the quantity
of non-volatile inorganic impurities, because it is influenced by contamination or adulteration of plant
products (Mukherjee, 2002). The total ash includes those derived from plant tissue (physiological ash)
and foreign material, specifically sand and dirt adhering on the surface of the plant (non-physiological
ash). The percentage of total ash may vary with the plant species and must be determined individually
for each species. For plant drugs, the percentage of total ash is between 3 and 15% for some species
described in the Brazilian Pharmacopoeia (2010).

The results of loss on drying lesser than 14% show that the drying process was efficient. For
some species described in the Brazilian Pharmacopoeia (2010), the percentage of loss on drying is
between 8 and 14%. The percentage of loss on drying is a parameter that can be used to estimate the
efficiency of the plant drying procedure. The excess water in plant drugs promote the growth of fungi,
bacteria or insects and promote hydrolysis of its constituents. For this reason, limits of water content

are described for herbs, especially for those that readily absorb water or those for which degradation is
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promoted by the presence of water. This parameter is critical to determine the stability of the drug
during the storage period (Mukherjee, 2002).

Although the TP contents were not so different among the samples (25.0 to 33.1%), the GC
and EGC contents showed results in a large interval: 0.8 to 2.7% and 1.2 to 2.2%, respectively. It was
possible to note difference of GA peak area. Thereupon, we can say that the concentrations of GA was
approximately 0.5, 2.4, and 1.6% for sample A, B, and C, respectively. These values were calculated
from known concentration GA solutions, although there was no validation test for this analyte, but it
also showed a large interval among the samples. To ensure the acceptable interval for compound
assay, it recommends the evaluation of a wide number of samples from different year seasons and
regions.

Figure 1 shows the HPLC fingerprints of FAE from samples A, B, and C. There is a good
similarity between the samples regarding their peak retention time; however, the peaks have different
proportions. The Figure 2 shows the TLC fingerprints of CE and FAE from samples A, B, and C. As
well as HPLC fingerprint, it is possible to note a good similarity with difference intensity among the
spots. For example, in the sample B, the spot of GA is stronger, but weak spot of GC is fast absent,
that it complies with HPLC fingerprint. For complex botanicals, quantitation of a single compound
usually does not provide complete information. For this reason, chromatographic fingerprint
technology is accepted by the WHO (1991) as a strategy for identification and evaluation of the
quality of herbal medicines. This work shows for the first time the chromatographic fingerprints for L.
brasiliense, and the results seem to provide a reliable and sensitive quality assessment method with
characteristic retention time, as well UV spectra of peaks for HPLC method. The HPLC fingerprint
analysis can be used for qualitative analysis, especially to identify and standardize plant materials and
preparations. This analysis requires good separation and resolution of the complex mixture as well as
peak purity control in order to prevent overlapping of the peaks (Ding et al., 2011; Rehwald et al.,
1994). HPLC fingerprinting has become an attractive option for the quality control of complex plant
mixtures because of its focus on identification, ensuring no adulterants (He et al., 2005), and assessing
the stability of the plants, seeing that changes in the HPLC fingerprint can occur in samples by the
influence of external factors such as temperature, humidity, and stress conditions (Heigl and Franz,
2003). Several studies have shown that the HPLC fingerprint can be used to characterize plant drugs
that have polyphenols as primary components (Chou et al., 2009; Lopes et al., 2009; Lopes et al.,
2010; Marques et al., 2007; Simirgiotis and Schmeda-Hirschmann, 2010). The TLC is a classic
method for quality control of natural products and it is required for all pharmacopoeia. It is of simple
performance and low cost, what makes possible easily its use. As well HPLC fingerprint, TLC was
also adequate to determine a characteristic fingerprint for this herbal drug. Differences among samples
A, B and C can be observed, suggesting that it is important hereafter to correlate the fingerprints with

the seasonal conditions and possible differences in pharmacological activities.
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Comparison of extraction liquid and selectivity for tannins

The preparation of different extracts followed by analysis of the dry residue, TP and TT are
shown in Table 5. According to the data, there is a significant increase in dry residue from Extract E
[extraction liquid acetone: water (7:3, v/v)] compared with the other extracts (Fa 20 = 136.0, p < 0.001).
In addition, Extract E shows significantly higher levels of TP (Fs2 = 23.7, p < 0.001) and TT (Fs20 =
37.0, p <0.001), and comparatively higher TT/TP ratio (F420= 86.0, p < 0.001).

The preparation of different extracts followed by analysis of dry residue and chemical
compound content may provide complementary data for quality control and contribute to the choice of
the best extraction solvent. According to our data (Table 5), it was determined that the best extraction
solvent for the preparation of crude extract of dry rhizomes of the L. brasiliense by tubo-extraction
process is acetone:water (7:3, v/v). According to Mueller-Harvey (2001), 50-70% aqueous acetone is
often the better solvent more than water or methanol to extract hydrolysable tannins. However,
methanol or water can extract better tannins of low molecular weight.

Considering the high quantity of tannins among the polyphenols of dry rhizomes from L.
brasilense and comparing with other plants, it is possible to affirm that it is a representative species for
tannins. Commission E (1994) determined tannin content of 3% for Crataegus oxyacantha L. and 10%
for Krameria triandra Ruiz & Pav.; both are classical plant drugs for tannins. Stryphnodendron
obovatum Benth. and S. polyphyllum Mart. have tannin contents of 19 and 12%, respectively (Lopes et
al., 2005), and Stryphnodendron adstringens (Mart.) Coville has a minimum of 8% of total tannins
(Brazilian Pharmacopeia, 2010).

Antioxidant potential

The results for the CE, FAE, and FAQ from sample B were, respectively, 6.87, 5.91, and 6.92
pg/mL. Trolox and Vitamin C were used as controls, and their results were 3.97 and 4.36 pg/mL,
respectively. The antioxidant effect of polyphenols is known, however a recent study suggested that
Rosa canina L. fruit extract, which is rich in polyphenols, may act not only as an antioxidant, but also
as a prooxidant in high concentrations, showing that it is necessary to define an optimal concentration
of polyphenols for antioxidant activity (Kiliggiin and Altiner, 2010). Although it could be already
expected a good antioxidant potential for L. brasiliense, since the sample showed a high TP and tannic
substances, few studies have related this activity to plants of the genus Limonium, and this
investigation proposed to show these potential even with the sample with lower phenolic contents.

Aniya et al. (2002) showed a strong antiradical activity (ICso = 7.5 pg/mL) by the DPPH
method for aqueous extracts from L. wrightii (Hance) Kuntze. Murray et al. (2004) showed an 1Cs of
20 pg/mL for a methanolic extract from L. brasiliense by the DPPH assay. The present results
exhibited major antioxidant potential for the acetone:water (7:3, v/v) extract and its ethyl acetate

fraction, in comparison with the above result.
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Conclusions

In the absence of updated pharmacopoeia data regarding L. brasiliense, these results can be
used as quality control parameters and contribute to the pharmacognostic quality of such extracts. The
TLC and HPLC fingerprint have been shown to be a valuable tool for the chemical analysis of
complex matrices. The validation of a HPLC method offers chromatographic conditions for
determination and analysis of GC and EGC. The method was found to be specific and suitable for

routine analysis. It is also simple, sensitive, accurate, and reproducible.
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Figure 1. HPLC fingerprint of the ethyl acetate fraction (FAE) from L. brasiliense rhizomes extracted with acetone:water (7:3, v/v) for samples A, B, and C.

GA = gallic acid; GC = gallocathechin; EGC = epigallocatechin
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Figure 2. TLC fingerprint of the crude extract (CE) and ethyl acetate fractions (FAE) from L.
brasiliense rhizomes extracted with acetone: water (7:3, v/v) for Samples A, B and C. GA = gallic
acid; GC = gallocathechin; 1, 2 and 3 = CE from samples A, B and C, respectively; 4, 5 and 6 = FAE
from samples A, B and C, respectively
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Table 1. Statistical data for the regression equations of the calibration curves for gallocatechin (GC)
and epigallocatechin (EGC) by the HPLC method.

Regression analysis

Calibration curve for GC

Calibration curve for EGC

Slope (SE)
Intercept (SE)

Regression coefficient (R?)

Calculated F-value (critical F-

value)

Sum of pure error
Lack of fit error
Analysis of variance
95% CL Slope

95% CL Intercept

Regression
Residual
Total

1.44 x 10° (2.29 x 10%)
1.2 x 107 (7.74 x 10°)
0.9980

0.30 (3.71)

3.51x 10%

3.48x 10%°

F113=6385.7 p < 0.001
1.40 x 108; 1.48 x 108

-4.6 x 10°; 2.9 x 10’

SS MS

1.13 x 10" 1.13 x 10"
2.29 x 10" 1.76 x 10*®
1.13 x 10"

1.41 x 108 (4.78 x 10'%)
1.0 x 108 (1.1 x 107)
0.9950

0.30 (3.71)

5.09 x 10

5.04 x 10%

F113=2610.8, p <0.001
1.35x 10%; 1.47 x 108
7.7x107; 1.2 x 108

SS MS

9.60 x 106 9.60 x 106
4,78 x 10 3.68 x 1013
9.64 x 10

SE = standard error; SS = Sum of Squares; MS = Mean Square; CL = Confidence Limits

Table 2. The partial degradation and the reliability analyses of the purity peak for the remaining

gallocatechin (GC) and epigallocatechin (EGC) in stress conditions for specificity test.

Condition for degradation

GC content (%0)/Purity Peak

EGC content (%)/Purity Peak

Normal Condition
Acid stress

Heat stress

Oxidation stress

Basic stress

Light stress ~ Amber

Transparent

2.8/1.0000
2.3/1.0000
2.3/1.0000
2.9/1.0000
0.1/0.8771
2.7/1.0000
2.4/1.0000

2.3/1.0000
1.1/1.0000
1.8/1.0000
2.1/1.0000
0.2/0.9153
2.1/1.0000
1.9/1.0000
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Table 3. Accuracy results determined by analyzing gallocatechin (GC) and epigallocatechin (EGC) in solutions of known concentration from Limonium

brasiliense.

Gallocatechin

Epigallocatechin

Theoretical Measured _ Theoretical Measured _
. . (x£sd) . . (x£sd)
concentration  concentration % Recovery concentration concentration %Recovered
RSD(% RSD(%
(ng/mL) (ng/mL) [RSDEOT | (ugmL) (ng/mL) [RSD(6)]
3.8266 3.9419 103.0 3.2580 3.1848 97.8
103.5% + 97.8+1.29
LC 3.7543 3.9246 104.5 3.1998 3.1698 99.1
0.91 (0.9%) (1.3%)
3.6338 3.7400 102.9 3.1029 2.9938 96.5
4.6284 4.7329 102.2 4.0242 4.0083 99.6
102.4% =+ 100.2 + 0.87
IC 4.7248 4.7996 101.6 4.1018 4.0888 99.7
0.88 (0.9%) (0.9%)
4.7007 4.8576 103.3 4.0824 4.1293 101.2
5.5929 5.5731 99.6 49192 4.8997 99.6
100.9% + 101.2+1.85
HC 5.5929 5.7554 102.9 49192 5.0766 103.2
1.73 (1.7%) (1.8%)
5.4731 5.4883 100.3 4.9599 49921 100.7
<t sd 102.3% + 1.54 09.7 +1.93
Total (Xt s RSD(%
( ) [RSD(%)] (1.5%) (1.9%)

X = mean (%); sd = standard deviation; RSD = residual standard deviation
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Table 4. Results of pharmacognostic quality control assays from Limonium brasiliense (samples A, B, and C).

Sample A Sample B Sample C
Granulometry (dso) - MR 0.42 mm 0.21 mm 0.48 mm
Total ash - MR” 5.6% * 0.15 [2.7%)] 5.7% £ 0.07 [1.4%)] 4.9% + 0.05 [1.0%)]

Loss on drying - MR"
PT - MR"

Dry residue - MR"
TP -CE”

GC - FAE"

EGC - FAE"

11.1% + 0.25 [2.3%]
15.8% + 0.12 [0.8%]
39.5% + 0.63 [1.6%]
28.9% + 0.42 [1.5%]
2.6% + 0.06 [2.3%]
1.8% + 0.03 [1.8%]

12.4% + 0.28 [2.4%]
8.5% = 0.36 [4.3%)]
36.1% + 0.61 [1.7%)]
25.0% + 1.94 [0.8%]
0.8% + 0.03 [3.7%)]
1.29% + 0.02 [1.9%]

11.9% + 0.04 [0.4%]
9.4% + 0.11 [1.2%]
30.6% + 0.19 [0.6%)]
29.1% + 0.30 [1.1%)]
2.7% + 0.09 [3.2%]
2.2% + 0.13 [5.8%]

* X +sd [RSD(%)]: X = mean; sd = standard deviation; RSD = residual standard deviation;

MR = milled rhizome; CE = crude extract; FAE = ethyl acetate fractions; TP = total polyphenols; GC

= gallocatechin; EGC = epigallocatechin

Table 5. Results for the comparison of the extraction liquid and selected tannins in sample A.

Extract A Extract B Extract C Extract D Extract E
TP" 31.0% £ 0.32 293% +£0.34 302%+1.12 31.3%+046 33.1%% *0.64
[1.0%] [1.2%] [3.7%] [1.5%] [2.0%]?
TT" 27.6% £ 0.33 253% £0.36 259%+1.02 27.7%+0.42 29.5% £ 0.60
[1.2%] [1.4%] [4.0%] [1.5%] [2.0%)]°
%TT/TP" 88.9% £ 0.27 86.6%+£0.34 857% 050 88.7%+0.21 89.2% £ 0.49
[0.3%] [0.4%] [0.6%] [0.2%] [0.6%)]°
Dry residue” 36.4% £ 0.41 322% £0.34 29.9%+0.16 36.3% £0.56 39.5% £ 0.63
[1.1%] [1.1%] [0.5%] [1.5%] [1.6%)]°

* X+ sd [RSD(%)]: X = mean; sd = standard deviation; RSD = residual standard deviation;

TP = total polyphenols; TT = total tannins

2p < 0.001



CAPITULO 2: Atividade antibacteriana de L. brasiliense contra bactérias

multirresistentes usando planejamento estatistico de misturas

Este artigo consiste no planejamento estatistico de misturas quaternarias (centréide simplex) a partir
dos rizomas de L. brasiliense considerando os parametros de residuo seco, teor de polifendis,
galocatequina e epigalocatequina, assim como a andlise de componente principal e andlise de
agrupamento hierarquica dos cromatogramas e dos espectros de UV. Além disso, foi testado o
potencial antibacteriano das amostras contra VREfm, MRSA e KPC. O artigo serd submetido a
publicacdo em revista cientifica da area farmacéutica.

Chapter 2: Antibacterial activity of Limonium brasiliense (Baicuru) against multidrug-resistant

bacteria using a statistical mixture design

This paper describe the statistical mixture design with four solvents (simplex centroid) from rhizome
of L. brasiliense considering the parameters of dry residue, total poliphenols, gallocatechin and
epigallocatechin contents, as well as the principal component analysis (PCA) and the hierarchical
clusters analysis (HCA) of chromatograms and UV spectra. Besides, it was tested the antibacterial
potential against the VREfm, MRSA and KPC. The paper will be submetted to publication by scientific
journal of pharmaceutical area.
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ABSTRACT

Ethnopharmacological relevance: Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) is
commonly known as “baicuru” or “guaicuru” and preparations of its dried rhizomes have been
populary used in the treatment of premenstrual syndrome and menstrual disorder, and as an antiseptic
in genito-urinary infections. This study evaluated the potential antibacterial activity of rhizome
extracts against multidrug—resistant bacterial strains using statistical mixture design.

Materials and methods: The statistical design of four components (water, methanol, acetone and
ethanol) produced 15 different extracts and also a confirmatory experiment, which was performed
using water:acetone (3:7, v/v). The crude extracts and their ethyl-acetate fractions were tested against
vancomycin-resistant Enterococcus faecium (VREfm), methicillin—resistant Staphylococcus aureus
(MRSA) and Klebsiella pneumoniae carbapenemase (KPC)—producing K. pneumoniae, all of which
have been implicated in hospital and community—acquired infections. The dry residue, total
polyphenol, gallocatechin and epigallocatechin contents of the extracts were also tested and statistical
analysis was applied in order to define the fit models to predict the result of each parameter for any
mixture of components. The principal component and hierarchical clustering analysis (PCA and HCA)
of chromatographic data, as well as mass spectrometry (MS) analysis were performanced to determine
the main compounds present in the extracts.

Results: The Gram-positive bacteria were susceptible to inhibition of bacterial growth, in special the
ethyl-acetate fraction of ternary extracts from water:acetone:ethanol and methanol:acetone:ethanol
against, respectively, VREfm (MIC = 19 pg/mL) and MRSA (MIC = 39 pg/mL). On the other hand,
moderate activity of the ethyl-acetate fractions from primary (except water), secondary and ternary
extracts (MIC = 625 pg/mL) was noted against KPC. The quadratic and special cubic models were
significant for polyphenols and gallocatechin, respectively. Fit models to dry residue and
epigallocatechin were not possible. PCA and HCA of the chromatographic fingerprints were disturbed
by displacement retention time of some peaks, but the ultraviolet spectra indicated the homogeneous
presence of flavan-3-ols characteristic of tannins. The MS confirmed the presence of gallic acid,
gallocatechin, and epigallocatechin in extracts, and suggested the presence of monomers and dimers of
B- and A-type prodelphinidins gallate, as well as a methyl gallate.

Conclusion: Our results showed the antibacterial potential of L. brasiliense extracts against multidrug—
resistant Gram-positive bacteria, such as VREfm and MRSA. The statistical design was an important
tool to evaluate the biological activity by optimized form. The presence of some phenolic compounds

was also demonstrated in extracts.

Keywords: Limonium brasiliense; multidrug-resistant bacteria; simplex centroid; mass spectrometry;

prodelphinidins
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Chemical compounds studied in this article: Gallic acid (PubChem CID: 370); Gallocatechin
(PubChem CID: 65084); Epigallocatechin (PubChem CID: 72277)

1. Introduction

Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) is a perennial herb that grows in
Argentina, Uruguay, and the southern coast of Brazil. It is commonly known as “baicuru” or
“guaicuru”. Preparations of its dried rhizomes have been used in the treatment of premenstrual
syndrome and menstrual disorder, and as an antiseptic in genito-urinary infections. Studies report
bacteriostatic, antiinflammatory and antioxidant effects and the presence of hydrolyzable and
condensed tannins, leucoanthocyanins, flavonoids, B-sitosterol, saponins, and coumarin in rhizome of
L. brasiliense (Antonelli-Ushirobira et al., 2015a-b; Cardoso, 1990; Moura, 1984; Murray et al., 2004;
Rosito-Filho, 1975).

Tannins seem to be a featured chemical class from L. brasiliense; however, they are complex
structures and the analytical data depends on several factors, including sample preparation and storage
and appropriated technical of extraction (Mueller-Harvey, 2001; Schofield et al.,, 2001). The
pharmacological or biological activities of tannins are due mainly to their ability to complex with
metal ions and macromolecules such as proteins and polysaccharides, and to their free-radical
scavenging ability. The presence of the A-type proanthocyanidin in herbal extracts could also
contribute to the inhibition of bacterial growth through the destabilization of the cytoplasmic
membrane, permeabilization of the cell membrane, inhibition of extracellular microbial enzymes with
direct actions on microbial metabolism, or the deprivation of substrates required for microbial growth,
especially essential mineral micronutrients. The antibacterial activity of gallotannins is attributable to
their strong affinity for iron and is also related to the inactivation of membrane—bound proteins
(Daglia, 2012).

The Gram-positive bacteria Staphylococcus aureus and Enterococcus faecium, as well as the
Gram-negative bacteria Klebsiella pneumoniae, are opportunistic pathogens that can cause a wide
variety of diseases. They are important human pathogens associated with hospital and community—
acquired infections. In the last few decades, the number and proportion of drug-resistant infections,
such as vancomycin-resistant Enterococcus faecium (VREfm), methicillin—resistant Staphylococcus
aureus (MRSA) and Klebsiella pneumoniae carbapenemase (KPC)—producing bacteria, has increased
in many countries. Methicillin, vancomycin and carbapenem antibiotics (such as imipenem,
meropenem, and doripenem) are commonly applied to treat several bacteria that have developed
resistance to conventional antibiotics such as penicillin and amoxicillin. For example, vancomycin is
an important antibiotic agent used to treat MRSA. The first case of vancomycin-resistant Enterococci

was reported in 1988. Since then, the global concern about the health effects of multidrug-resistant
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bacteria has grown substantially (Cardozo et al., 2012; McDonald et al., 1997; Souza-Lopes et al.,
2016).

Therapeutic options for multidrug-resistant pathogens are extremely limited. Some
investigations have demonstrated that polyphenols, like tannins and flavonoids, have a potential effect
against MRSA. Polyphenols have been used in combination with antibiotics, in order to potentiate
their efficacy, facilitate a lower antibiotic dose, and therefore reduce the risk of adverse reactions
associated with antibiotics. One study also demonstrated a synergistic effect of epigallocatechin
gallate with imipenem when treating imipenem-resistant K. pneumoniae (IRKP). On the other hand,
the effect of tannins against VREfm has not been conclusively studied (Daglia, 2012; Hatano et al.,
2005; Hemaiswarya et al., 2008; Cho et al., 2011; Singh et al., 2016; Tsuchiya et al., 1996).

Although the literature shows many studies of phenolic compounds derived from different
plant drugs, no studies have systematically investigated the antibacterial effects of L. brasiliense
extracts on multidrug-resistant pathogens using a statistical mixture design. This work used a simplex
centroid design involving water (w), methanol (m), acetone (a), and ethanol (e) to obtain the extracts.
We measured dry residue of crude extracts, total polyphenol content, and gallocatechin and
epigallocatechin concentrations by HPLC-DAD (high-performance liquid chromatography with diode-
array). Besides, principal component and hierarchical clustering analyses (PCA and HCA) were
applied to the chromatographic fingerprints and UV-spectra in order to analyse the differences and
similarities between the samples and determine the main classes for them. The chemical
characterization of major substances was supported by LC-DAD-MS. All samples from the mixtures
design were tested against VREfm, MRSA, and KPC—producing K. pneumoniae, and the minimum
inhibitory concentration (MIC) was determined. A selected sample was also tested by scanning

electron microscopy (SEM) against MRSA and the cellular morphological alteration was evaluated.

2. Material and methods

2.1.Plant material

Rhizomes of Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) were collected in Rio
Grande, in the state of Rio Grande do Sul, Brazil (S 31° 59° 33”/W 52° 10’ 43”) in February 2013. A
voucher specimen was deposited at the Herbarium of the State University of Maringa under number
HUEM-27725. The plant material was collected under a permit from IBAMA-SISBIO (No. 11995-3,
November 2, 2010, authentication code 46367613), under the responsibility of J. C. P. Mello. Access
to the botanical material was authorized and licensed by the Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico (CNPQ), registered under No. 010252/2015-0. The plant material was
cleaned with water to remove soil, dried in a circulating-air oven (37 + 2 °C) and powdered in a

hammer mill (Tigre ASN-5; mean diameter 0.42 mm).
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2.2.Extract preparation and simplex centroid assessment for statistical mixture design

The milled rhizomes (50.0 g) were extracted with extractor solvent (Table 1) by turbo-
extraction (Ultra-Turrax® UTC T25, 20 min, 15,000 rpm, t < 40 °C) at a proportion of 10% (W/v).
Three extracts of each tested solvent were prepared. The extractive solutions were filtered, transferred
to a volumetric flask and diluted to 500 mL. A portion of the solutions was used for dry residue testing
according to German Pharmacopeia (1986). The remaining solution was concentrated in a rotavapor
(Buchi R-114) under reduced pressure and lyophilized (Christ Alpha 1-4) to obtain the crude extract
(CE). The CEs (1.0 g) were then solubilized in water (10 mL) and partitioned with ethyl acetate (5 x
10 mL). The ethyl acetate fractions (FAE) were concentrated and lyophilized. All CEs were tested for
total polyphenol (TP) content according to the method described for Blainski et al. (2013), and all
FAEs were tested by HPLC-DAD for determination of gallocatechin (GC) and epigallocatechin (EPG)
concentrations according to Blainski et al. (2016).

Statistical analysis. Mixture response surfaces, PCA and HCA were analyzed using the
Statistica® 8.0 program (Copyright StatSoft, Inc. 1984-2007) by one-way analysis of variance
(ANOVA) considering a significance levels of P < 0.05. The results were expressed as mean +
standard deviation [residual standard deviation (RSD%)]. PCA and HCA were determined using a

standardized columns matrix.

2.3. Identification of the constituents by LC-DAD-MS

The analyses were carried out on a Shimadzu Prominence UFLC coupled to a diode array
detector (SPD-M20A, Shimadzu) and mass spectrometer (AmaZon SL and MicrOTOF-Q IlI - Bruker
Daltonics, Billerica, USA) with electrospray ionization (ESI). The analyses followed the
chromatographic conditions: flow rate of 0.8 mL/min; mobile phase consisted by water (A) and
acetonitrile (B), both with formic acid (0.1%, v/v); elution gradient was 0 min 10% B, 15 min 15% B,
35 min 19% B, 36 min 80% B, 44 min 80% B, 45 min 10% B, 52 min 10% B; oven temperature of 30
°C; column was an Agilent Zorbax C-18 (250 mm x 4.6 mm, 5 um). The FAE samples were prepared
in water:methanol (8:2, v/v) at a concentration of 1 mg/mL, filtered on a 0.22 pm x 3.0 mm (Millex®,
Millipore) PTFE membrane and injected at a volume of 20 pL. Electrospray ionization source was
used in positive mode and negative mode over a mass range of m/z 100-1200 and 1000-2000 using
the following instrument settings: nebulizer gas nitrogen of 725 bar; dry gas nitrogen of 9 L/min and
of 300 °C; capillary voltage 3.0 kV; end plate offset 500 V. The MS/MS analysis was carried out in
automatic mode. Helium gas was used as a collision gas. The total ion chromatograms (TIC) were

recorded by alternating automatic events in the ion trap analyzer.
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2.4.Evaluation of antibacterial activity using in vitro tests

2.4.1. Bacterial strain and culture conditions.

In this study, the VREfm 170 and KPC—producing K. pneumoniae 97 clinical isolates were
obtained from the Londrina University Hospital. The E. faecium strain (ATCC 6569) was provided by
Dr. Sueli Fumie Yamada Ogatta (Londrina State University, Londrina —PR, Brazil). The methicillin—
resistant Staphylococcus aureus (MRSA) N315, S. aureus (ATCC 29123), and K. pneumoniae (ATCC
10031) strains are deposited in the Microbial Culture Collection of Laboratory of Bacteriology Basic
and Applied Laboratory of State University of Londrina (Department of Microbiology, Biological
Sciences Center). The resistance profiles of the isolated 170 VREfm, MRSA N315 and 97 KPC are
described in Table 2. The strain was stored in sterile Mueller Hinton Broth cation adjusted (MHB) at -
20 °C, with 30% glycerol. The bacteria were routinely maintained at 4 °C on Mueller Hinton-agar

(MHA) plates and subcultivated in MHA medium at 37 °C prior to each assay.

2.4.2. Determination of minimum inhibitory concentration (MIC)

The 16 CEs, as well as their FAEs, produced from the simplex centroid design were evaluated
for antimicrobial activity. The MIC was determined according to the procedures outlined by the CLSI
(2015) at a final inoculum of 5 x 10* colony forming units (CFU)/mL. Serial two-fold dilutions of the
fractions (CEs and FAESs) were performed in a microdilution plate (96 wells) containing 100 pL of
sterile MHB. Next, the inoculum was added to each well and the microplates were incubated at 37 °C
for 24 h. The MIC was defined as the lowest concentration of the fractions that resulted in the
inhibition of growth. Each experiment was performed in triplicate and repeated three times. Stock
solutions of the fractions were dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich®) and tested at
concentrations from 1,250 to 2.4 pg/mL. The solution was sterilized with a 0.2 um PES-membrane
filter (Filtropur S 0.2, Sarstedt AG & Co., Germany). The effect of DMSO alone was evaluated and

did not affect the antibacterial activity.

2.4.1. Scanning electron microscopy (SEM)

Based on its MIC activity against MRSA N315, sample 14-FAE was selected for SEM
analysis. Colonies of MRSA N315 grown in MHA (24 h, 37 °C) were transferred to MHB and the cell
density was adjusted to 3 x 10 CFU/mL. One milliliter of the cell suspension was distributed in two
tubes. The first tube (the control) contained the culture without the sample (14-FAE). The second tube
(the test sample) contained sample 14-FAE at its MIC concentration (39 pg/mL). Both cultures were
incubated at 37 °C, 150 rpm for 6 h. After incubation, 10 pL of each culture was placed onto poly-L-
lysine—coated glass slides and fixed by immersion in 2% glutaraldehyde, 2% paraformaldehyde in 0.1

M sodium cacodylate buffer, post-fixed in 1% OsO, for 1 h, and dehydrated in an ethanol series (30,
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50, 70, 90, and 100 °Gay-Lussac). Samples were dried with hexamethyldisilazane (HMDS; Sigma-
Aldrich), coated with gold (BALTEC SDC 050 Sputter Coater) and observed under a scanning
electron microscope (FEI Quanta 200).

3. Results and discussion
3.1.Simplex centroid assessment for statistical mixture design

Table 1 shows the effects of the solvent compositions on the assessed parameters (such as dry
residue, TP, GC and EGC contents) of L. brasiliense. The effects of the solvent compositions on the
extractive process can be seen by comparing the average of the dry residue. In general, the pure
acetone presented the lowest result (5.1% % 0.40 [7.8%]) and the water:ethanol mixture presented the
highest result (32.7% + 3.69 [11.3%]). In contrast to the dry residue, the extraction with pure acetone
presented the highest TP (37.5% % 0.46 [1.2%]), but the lowest gallocatechin (GC) (3.1% + 0.18
[5.9%]) and epigallocatechin concentrations (EGC) (2.1% + 0.16 [7.7%]), and pure water produced
the lowest TP (18.9% + 0.68 [3.6%]), but the highest GC (7.9% * 0.39 [5.0%]) and EGC (19.6% +
0.69 [3.5%]).

Response surfaces (Figure 1) were determined for dry residue, TP content, GC and EGC as a
function of the extraction solvent compositions. In all cases, linear, quadratic and special cubic models
were tested. Lack of fit at the 95% confidence level for these surfaces was evaluated with ANOVA
and confirmatory experiments were performed in the region previously considered to have desirable
results.

All models showed significant for dry residue data (p < 0.01), but no model was a suitable fit.
The lack of fit suggests to perform four other experiments (extraction solvents in proportion of
5/8:1/8:1/8:1:8), which would increase the number of terms in the equation and enable the statistical
analysis of a full cubic model. These experiments were performed and the full cubic model was

analyzed. The equation to calcule the dry residue is given by:

Dry residue
_ 209w+ 225 m+52a+171e + 2.7 wm + 60.5 wa + 56.6 we +19.1 ma — 11.1 me +

(£11) (£11) (£11) (£11) (+5.2) (+52) (355) (£48) (£5.2)
+ 18.6 ae —83.8 wme +178.2 wae — 1139 wm(w — m) + 73.3 we(w — )

(£5.2) (£36.1) (£36.1) (£31.2) (£27.0)
Where w is water, m is methanol, a is acetone and e is ethanol.

Although, the full cubic model was significant, there was lack of fit. No tendency could be
seen based on the distribution of results (observed vs. predicted values), but the lack of fit was

inadequate (p < 0.01). In order that, the confirmatory experiment (29.4% =+ 1.07 [3.6%]) presented
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different than it could wait with the equation (22.6%) and no equation can be used for predicting this
parameter.

The quadratic model for TP showed suitable (p < 0.01) and no significant lack of fit (p =
0.175). The following equation can be used to predict the TP content in crude extracts; the predicted
TP for the confirmatory sample (32.0%) corresponds to the experimental result (29.2% + 0.21 [0.7%)]).
The equation to calcule the TP content is given by:

Total Palyphenol
191w+ 25.7m+376a+259¢e +11.0 wm+ 13.1 we — 9.0 ma + 3.7 me — 10.3 ae

(£0.3) (£03) (£03) (F03) (£1.3) (£13) (£13) (£13) (+1.3)
Where w is water, m is methanol, a is acetone and e is ethanol.

By term coefficients of equation, it note the antagonistic effect from methanol:acetone mixture
and acetone:ethanol mixture on the TP content. A simplex centroid study using the same extraction
solvents for Trichilia catigua A. Juss. evaluated the TP content in these extracts and found that the
acetone:ethanol mixture was synergic and only methanol:acetone and methanol:ethanol were
antagonistic (Lonni et al., 2012). This suggests a strong influence of plant matrices on the ability of
solvents to extract TP from hebal drugs. The extractability of tannins can depend on the seasonal
maturity of tissues and on the type of plants or tannins. Several solvents have been used to extract
tannins from hebal drugs, mainly acetone, methanol and water. Methanol tends to be a better solvent
for low molecular weight structures or for tissues that contain large amounts of enzymes, such as bark
or fruits; however 50-70% aqueous acetone is a better solvent than water or methanol for extracting
hydrolyzable tannins. The solubility of tannins is surprisingly variable and some tannins, including
higher molecular weight tannins and those bound to fibre, may be insoluble in the main solvents
(Mueller-Harvey, 2001; Schofield et al., 2001).

The special cubic model for GC and EGC showed significant (p < 0.01) and non significant
lack of fit (p = 0.376 and p = 0.155, respectively). The equation can be used to predict the GC content
in FAE; the predicted GC for the confirmatory sample (3.5%) was consistent with the experimental
result (3.4% £ 0.10 [3.0%]). On the other hand, the predicted result for EGC (1.0%) was different from
the experimental result (3.7% £ 0.07 [2.6%]). This difference seems be related to the result of EGC
with pure water, which is higher than all other samples, therewith the variety of values from other
samples was low and not enough to statistical mixture design analysis. The equations to calcule the
concentration of GC and EGC are given by:

Gallocatechin
_ 79w+ 3.7m+31at+42e—-55wm—51wa—60we+ 33 mat 2.6 me—

(+0.1) (+0.1) (+0.1) (+0.1) (+0.7) (+0.7) (+0.7) (+0.7) (+0.7)
—15

0 wma — 14.3 wme — 13.9 mae
[i4.?] [i4.?] [i4.4]
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Epigallocatechin
196w+ 28m+22a+3.0e—85wm—304wa— 288 we—248 wma —

(£0.3) (£0.2) (£0.2) (£0.2) (+1.4) (*14) (£14) (£86)
—34.7 wme + 36.1 wae

(£8.6) (+8.6)
Where w is water, m is methanol, a is acetone and e is ethanol.

Anyway, for both parameter (GC and EGC), an antagonistic effect for GC and EGC contents
of every solvent on the pure water extraction was observed. Interestingly, pure acetone gave a strong
antagonistic effect despite having the highest TP content. The chromatograms (Figure 2) also showed
that pure water favoured the production of peaks 1, 2, and 3, corresponding to gallic acid, GC, and
EGC, respectively, but not other peaks and has no extractability for peaks 7 and 8, if we compare to
other sample. About the extractability of solvent, it was observed that the peak 5 was presence only in
sample 5 (water:methanol).

PCA was applied to the chromatographic fingerprints from all 15 FAE samples obtained using
the mixture design by detection of peaks at 210 nm. The data matrix had dimensions of 15 x 4828
corresponding to an analysis time between 9 to 41 min. It was possible to obtain a classification model
with 5 factors, which explain 95.4% of the total variance. The corresponding 15 x 15 matrix
containing all the interpoint distances was determined and HCA was carried out. Both PCA and HCA
results were evaluated complementarily in order to verify which samples would have different
fingerprint in relation with extractive solvents. We could distinguish five groups (Figure 3). The
evaluation of score table demonstrated that Factor 1 was representative of Group 1, and Factor 2 was
representative of Group 3. According to the loading graph, the peaks at 19.0, 28.9, and 37.5 min were
relatively bigger in Group 1 than Groups 2 and 3. Although the statistical analysis showed some
differences among the groups, it is important to note that this evaluation seems to have been disturbing
by a significant displacement retention time among chromatogram, because the verification of all
fingerprints showed a good similarity, except by samples 1 (pure water) and 5 (water:methanol), that
had already commented by Figure 2.

The PCA was also applied to the UV spectral profiles of the apices of each peak for the
chromatogram from sample 5 (water:methanol), because this sample showed the highest number of
detected peaks (a total of 25) between 9 and 41 min. The data matrix had dimensions of 25 x 91,
corresponding to absorbance at the 220-400 nm wavelength intervals. It was possible to obtain a
classification model with 2 factors, which explain 99.8% of the total variance. The corresponding 25 x
25 matrix containing all the interpoint distances was determined and HCA was carried out. The
complementary evaluation by PCA and HCA was performed in order to verify the characteristic
spectra of each peak and to propose the compound classes present in L. brasiliense. It was possible to
distinguish two groups of spectra (Figure 4). The evaluation of score table demonstrated that Factor 1

was representative of Group 1, and Factor 2 was representative of Group 2. Group 2 corresponded to
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peaks 1 (gallic acid) and 5, which both show the Amax at 274 nm. Group 1 corresponded to all others
peaks, which show the Amax at 270 to 278 nm and others weak bands at 318 to 366, including the peaks
2 (GC) and 3 (EGC) with Amax at 275 nm and weak bands at 330 and 344 nm. These UV profiles are
characteristic of flavan-3-ols structures, which show mainly one Amax at around 270-290 nm (Band I1)
and low Amax at around 320 nm (Band 1), probably caused by the lack of conjugation between ring B
and the rest of the molecule (Vihakas, 2014).

3.2. ldentification of the constituents of the extracts by LC-DAD-MS

All the extracts were analyzed by LC-DAD-MS and MS" to determine the similarity of the
most of samples and to identify their constituents. The chromatograms at 270 nm and the total ion
chromatograms are illustrated in the Supporting Information (Appendices A and B), which were
observed similarities between the chemical profiles of the extracts, but the aqueous extract was
significant differences when compared to them.

The analyses by LC-DAD-MS and MS", including high resolution mass spectrometry data,
enabled the identification of eight main compounds in the extracts, most of which were gallic acid and
prodelphinidin derivatives possessing B-type linkage and B-type doubly bonded or A-type structures
(Table 3, Figure 5). These compounds also showed different distributions in the extracts (Appendices
A and B). The chromatographic peaks 1 and 5 showed absorption bands at 274 and 273 and
deprotonated ions at m/z 169.0140 and 183.0307 [M-H] compatible with C7HsOs" (error: 1.6 ppm) and
CsH+Os (error: 4.6 ppm), respectively. The fragment ions produced from the losses of 44 u and 15 u
confirmed the presence of acid and methyl groups, which all the data are agreed with the data
described in the literature for gallic acid (1) and methyl gallate (5) (Ersan et al., 2016).

The chromatographic peaks 2 and 3 exhibited the ion at m/z 305 [M-H]", suggesting a flavan-
3-ol monomer, which presented a similar fragmentation pathway and they are confirmed by the
authentic standard injections as gallocathechin and epigallocatechin, respectively. In addition,
compound 7 showed an intense ion at m/z 457.0782 ([M-H], Cz:H17012) and products ions yielded
from losses of 152 and 170 u in the MS2, which are relative to losses of a galloyl unit and subsequently
of a molecule of water. So, the data confirmed that peak 7 represented a monomer of prodelphinidin
linked to a galloyl unit, and the results are compatible with previously published data (Ersan et al.,
2016; Guaratini et al., 2014).

The other main compounds (peaks 4, 6, and 8) of the extracts revealed ions in the MS spectra
compatible with dimers and linked to one or two galloyl units. The presence of galloyl units were
confirmed by the losses of 152 u (galloyl) and the prodelphinidin units were confirmed by the losses
of 168 and 305 u. All the data were compatible with the described to them, including for the A- and B-
type linkages between the units. Compound 4 was identified as a dimer of the prodelphinidin with one

galloyl and a B-type linkage and compounds 6 and 8 were identified as containing one and two galloyl
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unit, respectively, and may contain A-type linkage or B-type with double bonded structure (Ersan et
al., 2016; Guaratini et al., 2014, Li and Deinzer, 2007; Lin et al., 2000; Nonaka et al., 1992).

Phenolic substances are largely distributed in plants from the genus Limonium. The aqueous
extract from L. wrightii (Hance) Kuntze was shown to contain gallic acid, which was related to its
antiradical potential and ability to reduce of hepatic toxicity (Aniya et al., 2002). Gallic acid, as well
as epigallocatechin gallate, were present in methanol extracts from L. algarvense Erben. and
contributed to the antiradical potential and antiinflammatory effects of these extracts (Rodrigues et al.,
2015; Rodrigues et al.,, 2016). The monomers and dimeric prodelphinidins gallocatechin,
epigallocatechin,  3,5,7,3'4',6'-hexahydroxyflavone,  epigallocatechin  gallate, 2R,3R,4R-(-)-
epigallocatechin-(4p—8)-2R,3R-(-)-epigallocatechin  gallate and 2R,3R,4R-(-)-epigallocatechin-
(4p—8)-2R,3R,3,5,7,3',4',6'-hexahydroxyflavan were identificated in hydroalcoholic extracts from L.
gmelinii (Willd.) Kuntze; this plant showed antiradical potential and a clinical antiexudative effect
(Korul’kina et al., 2004a; Stankovic et al, 2015; Zhusupova, 2006; Zhusupova and Abil’kaeva, 2006a-
b). L. sinense (Girard) Kuntze, which was shown to be active against the Herpes Simplex Type-1,
showed the presence of samarangenin B, a B-type dimeric prodelphinidin with double bonded galloyl
units (Lin et al., 2000; Kuo et al., 2002). The activity against the Herpes Simplex Type-1lwas also
shown in ethanol extracts from L. brasiliense (Faral-Tello et al., 2012). An ethanol extract from L.
sinense was also shown to be effective against the Hepatitis C virus (Hsu et al., 2015).

Flavonoids such as quercetin, myricetin, myricetrin, 3-O-p-D-(6"-galloyl)-galactopyranoside,
myricetin 3-O-f-D-galactopyranoside, myricetin 3-O-f-D-glucopyranoside, myricetin 3-O-p-D-(6"-
galloyl)-glucopyranoside, myricetin 3-O-a-L-(2'-galoyl)-arabinopyranoside (Korul’kina et al., 2004b;
Zhusupova and Abil’kaeva, 2006b) have been isolated from L. gmelinii and L. popovii Kubank.
Myricetin derivatives have been isolated from L. sinuatum (L.) Mill and L. meyeri (Boiss.) Kuntze
(Movsumov and Garaev, 2005; Ross, 1984). Fourteen flavonoids, including myricetin and quercetin
and their derivatives homoeriodictyol, naringenin, eriodictyol and Kaempferol were identified from L.
aureum (L.) Hill, and 9 flavonoids, including the myricetin derivatives phloridzin and tyramine were
present in L. caspium (Willd.) P. Fourn.; and some were also shown to be active against yeast, malaria
and leishmania (Gadetskaya et al., 2015; Ye and Huand, 2006). Myricetin derivatives were also
identificated in L. aureum (L.) Hill, which showed antiradical potential (Geng et al., 2015).

The rhizoma of L. brasiliense have been shown to contain flavan-3-ol, flavan-3,4-ols, ellagic
acid, gallic acid, epicatechin, condensed and hydrolyzable tannins, 4-methyl gallate, myricetin,
coumarin, B-sitosterol, and triterpenoid saponins (Cardoso, 1990; Moura, 1984; Rosito-Filho, 1975).
Recently, myricetin-3-O-rhamnoside, myricetin-3-O-a-rhamnopyranoside, gallic acid, gallocatechin,
epigallocatechin, and epigallocatechin gallate were identified in extract of L. brasiliense, and the
extract showed antiradical potential, antiinflammatory activity, and antiestrogen action (Murray et al.,
2004; Rodriguez et al., 2011).
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3.3.Evaluation of antibacterial activity

Table 4 shows the results of samples produced using the statistical mixture design against
standard and resistant strains of E. faecium, S. aureus and K. pneumoniae.

The MIC procedure was important to evaluate the activity of samples. The FAE of all samples
showed some effect against VREfm, MRSA and KPC—producing K. pneumoniae. According to Holetz
et al. (2002), an MIC less than 100 pg/mL is considered to be “susceptible”, from 100 to 500 pg/mL
represents “good activity”, from 500 to 1000 pg/mL indicates “moderate activity” and over 1000
ng/mL represents an “inactive” substance. Based on this classification system, the results showed that
VREfm was susceptible to all FAE samples (< 78 pg/mL), except sample 1 (pure water — 156.5 pg/mL
— which showed good activity). Interestingly, sample 13 (water:acetone:ethanol) with lowest MIC (39
pg/mL) for CE against both E. faecium ATCC and VREfm, besides the excellent result (19 pg/mL) for
FAE (Figure 2C — chromatographic fingerprint). About the confirmatory sample (water:acetone, 3:7,
v/v), the VREfm was also susceptible to FAE (39 pg/mL), but showed only good activity to CE (156.5
pg/mL). The diffusion in agar test (data no showed) complied with the MIC results and only sample 1
(FAE and CE) showed no inhibition zone, while all other samples generally showed a larger inhibition
zone for FAE (8.7-13.5 mm) than CE (7.5-10.5 mm).

Similar MIC results could be realized against S. aureus and MRSA, both of which were
susceptibility to all FAE samples (< 78 pg/mL), except the FAE from sample 15
(water:methanol:acetone:ethanol — 156.5 pg/mL — which showed good activity). In contrast to E.
faecium, the CE samples showed good activity against S. aureus (156.5 to 312.5 pug/mL). The FAE of
sample 14 (methanol:acetone:ethanol) showed the best potential against MRSA (MIC = 39 pg/mL)
(Figure 2D — chromatographic fingerprint). In the SEM evaluation, the control (untreated MRSA
N315) showed a large number of spherical cells that were uniform in size cells (Figure 6A). Under
high magnification, was observed structures and arrangements in grape—like clusters intact (Figure
6B). For MRSA N315 treated with sample 14-FAE, the number of cells was reduced compared to the
control (Figure 6C). Under high magnification, was confirmed the physical damage and considerable
morphological alterations were observed on the cell surface, including blebbing, protrusions and
shapeless masses (Figure 6D). The antimicrobial activity of polyphenolic compounds is due to the
inactivation of certain cellular enzymes, which depend on the level of penetration of the sample into
the cell, or changes in membrane permeability (Moreno et al., 2006). In general, polyphenolic
compounds such as tannins, have a greater action against Gram-positive organisms than Gram-
negative, probably due to structural differences on the cell surface (Cetin-Karaca, 2011). The results of
our study suggest that sample 14-FAE has high penetration potential in MRSA N315, a Gram-positive
microorganism, because of its chemical characteristics, causing severe physiological alterations

leading to cell death.
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None of the evaluated samples showed antibacterial activity against either standard or resistant
strains of K. pneumoniae. As noted previously, the FAE samples showed lower MIC than CE (MIC >
1,250 pg/mL — inactive for CE). Most FAE samples showed a good activity (312.5 pg/mL) against the
K. pneumoniae (ATCC 10031) , except samples 1 (water pure — no activity), 15 and the confirmatory
sample (water:methanol:acetone:ethanol and water:acetone 3:7, respectively — 625 pug/mL — moderate
activity). A moderate activity (625 pg/mL) was demonstrated for most FAE samples against the KPC
strain, except samples 1 (no activity), 15 and the confirmatory sample (1,250 pg/mL — inactive).

According to these results, we conclude that extracts from L. brasiliense have better
antimicrobial potential against Gram-positive than Gram-negative bacteria and that these extracts
show excellent antimicrobial potential against resistant strains. Rosito-Filho (1975) reported that some
strains of S. aureus were susceptible to hydroethanolic extracts from L. brasiliense in a disc diffusion
test (inhibition zone > 10 mm). The same test with L. delicatulum (Girard) Kuntze shoots showed no
activity for aqueous extracts, moderate activity for methanol and acetone extracts against S. aureus
and good activity of ethanol extract against S. aureus and E. faecium (Medini et al., 2014). These
results support the traditional use of these extracts as antiseptics and our results show the high
potential for use against drug—resistant bacterial strains.

Few studies have reported the antimicrobial potential of plant-derived drugs against
multidrug—resistant bacterial strains. About the tannins, the synergism for antibacterial and proteomic
effect of epigallocatechin gallate with imipenem was showed on IRKP by calculation of fractional
inhibitory concentration, whose values were lesser than 0.5 (Cho et al., 2011).

Considering the acceptable MIC value to screen of herbal preparation and the previous studies
in this matter, we report that different FAE extracts from L. brasiliense displayed activity against
multidrug-resistant bacteria, particularly against Gram-positive bacteria. The systematic study of
simplex centroid design permitted us to objectively evaluate the extract with best effect, considering
that mixture of many solvents for extractive process is not often common in the laboratory routine.
Besides, the reports related the traditional use of agueous and/or (hydro)alcoholic extracts, as infusion
and decoction; the mixture design allowed us to perform an ethnopharmacological investigation, as
well as to extrapolate for other possibilities of active extract. However, a direct correlation between
the antibacterial activity and the tested parameters for statistical mixture design (dry residue, TP, GC
and EGC contents) was not found; although the influence of the complex chemical composition on
this activity was clear.

L. brasiliense seems be a good therapeutic option for medicinal development against
multidrug-resistant bacteria, as an antibiotic or as an adjunct in association with other antibiotics, or as
a potential active to use in treatment protocol known as collateral sensitivity cycling, by using
sequential of different drug in order to decrease the exposure time to individual drug, and therewith,

avoiding the resistance frequencies (Imamovic and Sommer, 2013).
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4. Conclusion

In conclusion, the simplex centroid design presented models well fit for the TP and GC
contents. For dry residue it was not possible to obtain a significant and fitted model, even with
statistical analysis using a full cubic model. Lastly, EGC content was influenced by the strong
antagonistic effect of every solvent on the pure water extraction related to EGC. We confirmed the
antibacterial activity of L. brasiliense and demonstrated that VREfm and MRSA were susceptible
(MIC < 78 pg/mL) to the FAEs from several samples. The MS analysis confirmed the presence of
gallic acid, GC, and EGC and suggested the presence of monomers and dimers of B- and A-type

prodelphinidins gallate, as well as a methyl gallate in extracts from rhizomes of L. brasiliense.
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Figure 1. Response surface contour plot: (A) full cubic model of the dry residue; (B) quadratic model
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Figure 5. Some chemical structures identified from L. brasiliense. (A) the flavan-3-ol unit of the
identified compounds; (B) and (C) condensed tannins possessing B- and A-type linkages; (D) B-

type condensed tannins with double bonded linkage.
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Figure 6. Scanning electron microscopy of methicillin—resistant Staphylococcus aureus strain N315

treated with FAE of methanol:acetone:ethanol (1/3:1/3:1/3) from L. brasiliense produced using the
simplex centroid design (sample 14-FAE). (A) untreated MRSA N315 (control) at 40x; (B)
untreated MRSA N315 (control) at 80x; (C) MRSA N315 treated with sample 14-FAE at 40.000 x;
(D) MRSA N315 treated with sample 14-FAE at 80.000 x.
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Table 1. Analytical results for dry residue, total polyphenol (TP), gallocatechin (GC) and

epigallocatechin (EGC) content of extracts from L. brasiliense produced using the simplex centroid

design.
Sample Sf(:‘éf)?ttions ggbres'd“e TP (%)° GC (%)  EGC (%)
. W) 20.60£079 1894+068 790%039 1961
[3.85] [3.57] [4.97] 0.69 [3.53]
) ) 2237+170 2577+024 370010 257 +0.06
[7.60] [0.94] [2.79] [2.36]
5 A ) 506+040 37.46+046 3114018 2.10+0.16
[7.81] [1.24] [5.91] [7.68]
. . ) 1715+ 115 2587+046 4.14+046 3.01+053
6.71] [1.79] [11.14] [17.64]
o 27.19+0.78 25164057 4434017 9.13+123
> wm (U/2:12) 5 gg) [2.28] [3.79] [13.51]
o 2823+0.77 28404057 4314022 336+0.16
6 wa (U2:12) 15 7q) [2.02] [5.20] [4.68]
o 32684360 2584+044 460+0.10 4.18+060
! we (2172) 14 59 [1.70] [2.21] [14.34]
o 18.06+0.72 20.05+052 425+011 2.86+0.07
8 ma(l/z12)  1397] [1.79] [2.69] [2.28]
o 1504+084 2689+043 460+017 299+0.14
d m:e (1/2:1/2) [5.30] [1.60] [3.77] [4.59]
o 14.66+0.08 2891+130 374+044 248+0.28

10 ae(1/212) 1057 [4.50] [11.83] [11.17]

" wim:a 2676+ 106 28214042 3534020 2.82+0.14
U313:13)  [3.97] [1.50] [5.78] [4.83]

" w:m:e 2510+1.05 2606+033 3.72+024 2.90+0.12
U313:13)  [4.20] [1.26] [6.58] [4.21]

i wae 36.64+097 28.10+049 366+021 2.90+0.10
U313:13)  [2.66] [1.73] [5.61] [3.60]

u mae 19.87+237 28.06+0.68 379+019 2.86+0.12
(U3:13:13)  [11.90] [2.41] [4.92] [4.11]

5 wm:ace 2447+023 27914016 343+012 2.70+0.07
(U/4:1/4:1/4:1/4)  [0.92] [0.59] [3.47] [2.43]
w:m:a:e 30.43+0.61

16 (5/8:1/8:1/8:1/8)  [2.00] NA NA NA
w:m:a.e 27.82+0.17

17 (1/8:5/8:1/8:1/8)  [0.62] NA NA NA
w:m:a.e 23.52+£0.10

18 (1/8:1/8:5/8:1/8)  [0.42] NA NA NA

19 \(Ai'/rg-'f/'gl/s-S/s) fg ??Eil]i PP Na NA NA

Confirmatory . . 2935+ 107 2025+021 335%010 370007

sample A [3.64] [0.73] [3.02] [2.64]

w = water; m = methanol; a = acetone; e = ethanol; NA = not applicable

®Mean + standard deviation [residual standard deviation] of 3 replicates in 3 samples.
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Table 2. Resistance profile of the vancomycin—resistant Enterococcus faecium (VREfm) and KPC—
producing K. pneumoniae isolated from the Londrina University Hospital (Ruzon et al., 2010),
methicillin—resistant Staphylococcus aureus (MRSA) isolated from the Microbial Culture
Collection of State University of Londrina (Kuroda et al., 2001)

Isolated strains Source Resistance profiles
VREfm 170 Infection Ampicillin; Erythromycin; Teicoplanin; Vancomycin;
Ciprofloxacin
MRSA N315 B-lactams; bleomycin; macrolide-lincosamide-streptogramin B;
aminoglycosides (tobramycin, amikacin); spectinomycin
KPC 97 Infection colistin; polymyxin; imipinem; meropenem; tigecycline;

ceftazidime
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Table 3. Identification of chromatographic peaks from ethyl-acetate fraction (FAE) of the extracts from L. brasiliense rhizomes produced from
water:methanol (1/2:1/2, v/v) and UV, MS and MS/MS data on phenolic compounds.

Negative lon Mode (m/z)'"

Positive lon (m/z) '

Peak RT Compound Amax  HR-ESI MS (m/z) MS
(min) (nm) [M-H]~ (FM, error) MS [M-H]" MS/MS [M+H]* MS/MS
L 169.0140 169 169—125 171 171—153, 127
st s
1 5.2 Gallic acid 274 (C1HsOs, 1.6 ppm)
2 8.1 Gallocatechin® 275 305._0679 305 305—261, 219, 179, 125 307 307—289, 151, 139
(C1sH1307, 4.1 ppm)
. . 305.0679 305 305—287, 261,221, 179 307 307—289, 139
st s s ’ 5
3 115 Epigallocatechin 275 (CisHwOr, 4.1 ppm) 179151, 135
273 761.1379 761 761—609, 423, 305 763 763—745, 595, 459, 443,
4 124 "DEPDEagllate (B- (CarHagOss, 2.5 4235379, 230 425, 317, 305
type) opm)
5 149 Methyl gallate 273 183.0307 183 183—168, 124 185 185—153, 141
(CsH70s7, 4.6 ppm)
PDE-PDE gallate* 270 759.1206 759 759—607, 589, 481, 463, 423 761 761—743, 635, 455, 425
6 157 (Cs7H2701¢7, 0.4
ppm)
PDE gallate 273 457.0782 457 457—331, 305, 169 459 459—289, 139
7 20.7 (C22H170427, 1.3 169—125
ppm)
8 23.1 PDE-PDE di-gallate* 272 911.1323 911 911—-759, 741, 589, 571, 445, 913 913—895, 743, 617, 455,
(CaaH3102, 1.1 423 437, 305
ppm) 743—725, 617, 455, 305

RT: retention time; '™: ion trap analyzer data; st confirmed by authentic standard; PDE: prodelphinidin; *A-type or B-type with double bonded

structures.
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Table 4. Minimum inhibitory concentrations (ug/mL) of extracts from Limonium brasiliense produced using the simplex centroid design, as determined

against standard and the multidrug—resistant bacterial strains Enterococcus faecium, Staphylococcus aureus and Klebsiella pneumoniae.

Staphylococcus aureus

Enterococcus faecium

Klebsiella pneumoniae

Sample CE FAE CE FAE CE FAE
ATCC  MRSA ATCC MRSA | ATCC VREfm ATCC VREfm | ATCC | .o ATCC .o
29123 N315 29123  N315 | 6569 170 6569 170 10031 10031
1 3125 156.5 78 78 1565 1565 1565 1565 | 1,250 1,250 - -
2 312.5 156.5 78 78 1565 1565 39 19 1250 1250 3125 625
3 3125 3125 78 78 78 156.5 39 39 1250 1250 3125 625
4 3125 3125 78 78 156.5 78 19 19 1250 1,250 3125 625
5 156.5 156.5 78 78 156.5 78 39 39 1250 1,250 3125 625
6 156.5 156.5 78 78 78 156.5 39 19 1250 1250 3125 625
7 156.5 156.5 78 78 156.5 78 39 19 1250 1250 3125 625
8 156.5 156.5 78 78 156.5 78 39 19 1250 1250 3125 625
9 156.5 156.5 78 78 78 78 19 19 1250 1250 3125 625
10 156.5 156.5 78 78 78 78 19 19 1250 1,250 3125 625
11 156.5 156.5 78 78 1565 1565 39 19 1250 1250 3125 625
12 156.5 156.5 78 78 78 78 39 19 1250 1250 3125 625
13 156.5 156.5 78 78 39 39 19 19 1250 1,250 3125 625
14 156.5 156.5 78 39 78 156.5 39 19 1250 1,250 3125 625
15 156.5 1565 1565 1565 78 78 39 78 1,250 1,250 625 1250
Sca‘::;'lrematory 156.5 156.5 78 78 1565  156.5 39 39 1,250 1,250 625 1250
Negative
Control i i i ) ) ) i ) i i ) )

No antibiotic activity (-); American type culture collection (ATCC); Methicillin—resistant Staphylococcus aureus (MRSA); Vancomycin-resistant

Enterococcus faecium (VREfm); Klebsiella pneumoniae carbapenemase (KPC)—producing Klebsiella pneumoniae (KPC); Crude extract (CE); Ethyl acetate

fraction (FAE)
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Appendices A. Chromatograms at 270 nm of ethyl-acetate fractions (FAE) of the L. brasiliense
extracts obtained using different solvents (solvents described in Table 1 of the manuscript).
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Appendices B. Total ion chromatograms (negative ion mode) of ethyl-acetate fractions (FAE) of the
L. brasiliense extracts obtained using different solvents (solvents described in Table 1 of the

manuscript).



CAPITULO 3: Estudo fitoquimico de rizomas de L. brasiliense

Este capitulo consiste no relatério dos dados obtidos em relacdo ao estudo fitoquimico, referente ao
isolamento de substancias fendlicas obtidas dos rizomas de L. brasiliense e elucidacéo estrutural por
técnicas de RMN e MS. Este trabalho sera submetido a publicagdo em revista cientifica da area

farmacéutica.

Chapter 3: Phytochemical study of rhizomes from L. brasiliense

This chapter is the report of the data obtained in relation to the phytochemical study, which is the
isolation of phenolic substances from L. brasiliense and structural elucidation by technique of NMR

and MS. This work will be submitted to publication in scientific journal in the pharmaceutical area.
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Abstract: Limonium brasiliense is from south Brazilian coast and used at the treatment of
premenstrual syndrome, menstrual disturb, and genito-urinary infections. The aim of the present study
was to isolate and elucidate the phenolic compounds present in its rhizomes by nuclear magnetic
resonance spectroscopy, mass spectrosmetry, and circular dichroism. It was possible to identify
monomeric prodelphinidins, as gallocatechin, epigallocatechin, epigallocatechin gallate, and
epigallocatechin 3-O-(2'>0—4")-gallate, as well as dimeric prodelphinidins, as epigallocatechin
gallate-(4p—8)-epigalocatechin gallate, epigallocatechin-3-0-(2'->0—3")-gallate-(4p—8)-
epigalocatechin-3-O-gallate and samarangenin B. It is the first time that was isolated these double
bonded structures. Besides, it were identified derivates of myricetin, like as myricetin-3-O-a-L-

rhamnoside and myricetin-3- O-B-D-galactoside-6"-gallate.

Keywords: Baicuru, Limonium brasiliense, samarangenin B, condensed tannins, NMR spectroscopy,

Mass spectrometry

INTRODUCTION

Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) is a perennial herb that grows in
Argentina, Uruguay, and the southern coast of Brazil. It is commonly known as “baicuru” or
“guaicuru”. Preparations of its dried rhizomes have been used in the treatment of premenstrual

syndrome and menstrual disorder, and as an antiseptic in genito-urinary infections. Studies report
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bacteriostatic, antiinflammatory and antioxidant effects and the presence of hydrolyzable and
condensed tannins, leucoanthocyanins, flavonoids, B-sitosterol, saponins, and coumarin in rhizome of
L. brasiliense (Antonelli-Ushirobira et al., 2015a-b; Cardoso, 1990; Moura, 1984; Murray et al., 2004;
Rosito-Filho, 1975).

Tannins seem to be a featured chemical class from L. brasiliense, however they are complexes
structures and the analytical data depends on several factors as preparation of sample, its storage and
appropriated technical of extraction (Mueller-Harvey, 2001; Schofield et al., 2001). The aim of this
study was to isolate and elucidate phenolic compounds of a semipurified fraction of rhizomes from L.

brasiliense.

EXPERIMENTAL SECTION
Plant material

Rhizomes of Limonium brasiliense (Boiss.) Kuntze (Plumbaginaceae) were collected in
February 2013 in Rio Grande, in the state of Rio Grande do Sul, Brazil (S 31° 59’ 33”/W 52° 10’ 43”).
Voucher specimen was deposited at the Herbarium of the State University of Maringa under number
HUEM-27725. The plant material was collected under a permit from IBAMA-SISBIO, No. 11995-3,
November 2, 2010, authentication code 46367613, under the responsibility of J. C. P. Mello. Access to
the botanical material was authorized and licensed by the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq), registered under No. 010252/2015-0. The plant materials were
cleaned with water to remove soil, dried in a circulating-air oven (37 + 2 °C), and powdered in a
hammer mill (Tigre ASN-5).

Extract preparation and isolation of compounds

The crude extract (CE) was prepared from the dried rhizomes (5.0 kg) using an acetone:water
solution (7:3, viv, 10% wi/v) in an Ultra-Turrax (UTC115KT, Wilmington, NC, USA; 3000 rpm, 4
times x 5 min, t <40 °C). Next, the extract was filtered, the organic phase was removed in a rotavapor
(Buchi R-135), and the residue was lyophilized (Christ Alpha 1-4) to yield the CE (27.6%). The CE
was solubilized in water in the proportion of 10% (w/v) and partitioned with ethyl acetate (10 times
the volume of water). The ethyl-acetate (FAE — 10.4%) and aqueous (FAQ — 72.4%) fractions were
concentrated and lyophilized as previously described to yield. The FAE (20.0 g) was separated in a
chromatographic column (CC) on Sephadex LH-20 (600 x 50 mm) with the following eluents: 40%
ethanol (1.0 L), 60% ethanol (8.1 L), 80% ethanol (1.0 L), ethanol (2.0 L), methanol (1.6 L) and 70%
acetone (3.7 L). It was collected 10 mL/tube (1 mL/min) and yielded 16 main fractions. Each main
fraction was further separated by high speed countercurrent chromatography (HSCCC), which was
carried out with solvent system ethyl acetate:n-propanol:water (140:8:80), flow rate 0.8-1.1 mL/min,
using the upper phase as mobile phase; 800 rpm. The CC and HSCCC were monitored by thin-layer
chromatography (TLC); the eluates were applied in aluminium sheet (TLC Silica gel 60 F254, 20 x 20
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cm, Merck), using the solvent system ethyl acetate:formic acid anhydrous:water (90:5:5, v/v) for 4 cm.
After drying, the TLC was sprayed with ferric chloride, hexahydrat, 1% in methanol (w/v). The
chosen subfractions for elucidation analysis were submitted to acetylation procedures: sample (ca. 10
mg) in glas flask protected of light with aluminium-folia, adding acetic anhydride (1 mL) and pyridine
(1 mL); the reaction happened for 24 h and it was stopped in ice bath, as well as crushed ice into the
flask, for 2 h; after the solution was filtered in sintered glass funnel and washed with cool water; the
precipitate was solubilized with acetone, that was removed in a rotavapor; acetone was added and
removed several times until whiting the subfraction. Some acetylated subfractions were further
separated by preparative-TLC; for this the subfractions were solubilized in acetone (1 mL) and applied
in preparative TLC (Silica gel 60 F254, 20 x 20 cm, Merck) and the solvent system was toluene:water
(7:3 or 6:4). After drying, each band was removed to sintered glass funnel and the compound was

recovered using acetone. The fractions and subfractions were dried by rotavapor and lyophilized.

Elucidation analysis

The isolated compounds were analysed by nuclear magnetic resonance (NMR) 1D (H e C),
RMN 2D (COSY, HSQC e HMBC) in equipment Bruker, Model AVANCE |1l HD, of 500 MHz to *H
and 125 MHz to *C, using the deuterated solvents (chloroform — CDCLs; acetone — (CD3).CO).

The optical determination ([ec]2) by polarimetry of acetylated compounds were carried out

using acetone and methanol at 20 °C and cuvette of 0.1 dm at 589 nm, in equipment PerkinElmer®
(Model 343). The following equation determine the value:
oy =14
l.c
Where: o = optical rotation in grad at 20 + 0.5 °C
| = length of cuvette in dm

¢ = concentration of compound in percentage (m/v)

The circular dichroism (CD) analysis of acetylated compounds were carried out using
methanol (HPLC grade) at 20 °C and cuvette of 5 mm and measured at 200-400 nm, in equipment
Jasco (Model J-815).

The LC-DAD-MS analyses were carried out on a Shimadzu Prominence UFLC coupled to a
diode array detector (SPD-M20A, Shimadzu) and mass spectrometer (AmaZon SL and MicrOTOF-Q
I11 - Bruker Daltonics, Billerica, USA) with electrospray ionization (ESI). The analyses followed the
chromatographic conditions: flow rate of 0.8 mL/min; mobile phase constituted by water (A) and
acetonitrile (B), both with formic acid (0.1%, v/v), applying the elution gradient: 0 min 10% B, 15 min
15% B, 35 min 19% B, 36 min 80% B, 44 min 80% B, 45 min 10% B, 52 min 10% B; oven
temperature: 30 °C; column: Agilent Zorbax C-18 (250 mm x 4.6 mm) 5 pm. The FAE samples were
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prepared in water:methanol (8:2, v/v) at a concentration of 1 mg/mL, filtered on a 0.22 pm x 3.0 mm
(Millex®, Millipore) PTFE membrane and injected at a volume of 20 pL. Electrospray ionization
source was used in positive and negative ion modes over a mass range of m/z 100-1200 and 1000
2000 using the following instrument settings: nebulizer gas nitrogen of 725 bar; dry gas nitrogen of 9
L/min at temperature 300 °C; capillary voltage of 3.0 kV; the end plate offset of 500 V and the
MS/MS analyses were carried out in automatic mode. Helium gas was used as a collision gas. The
total ion chromatograms (TIC) were recorded by alternating automatic events in the ion trap analyzer.

We analysed all subfractions, which were identified by NMR.

RESULTS AND DISCUSSION

The gallocatechin was obtained in subfractions F#12#3 and F#13#7 (102.7 mg) and represents
0.5% of the FAE. The analyses by LC-DAD-MS and MS" showed the peak at 4.2 min for subfraction
F#12#3 and deprotonated ions at m/z 305.0673 [M-H] compatible with CisH1307" (error: 2.0 ppm)
(Ersan et al., 2016; Guaratini et al., 2014). The paracetylated substance showed [a]3": +12.1
(acetone, ¢ 3.05), [@]3": +21.3 (methanol, ¢ 0.6) and, the CD spectrum (Figure 1) showed a positive
band at 240 nm and negative band at 280 nm characteristic to 2R, 3S configuration (Korver and
Wilkins, 1971; Mello et al. 1996). The peracetylated substance was analysed by NMR (Table 1 and
Figure 2). The H signals of H-2(C) and H-3(C) showed coupling constant (J) of 6.4 Hz, according to
the trans-configuration. The three substitution of the B-ring are verified by the characteristic singlet
with two protons at & 7.11 ppm corresponding to H-2' and H-6'. The position of the protons was
confirmed by 2D-NMR correlation with the H-2 (*H/*H-COSY). The number of protons was confirmed
by integral of 0.0447 (1H = 0.022). The correlations COSY and HMBC confirmed the position of each
hydrogen and carbon. All data are compatible to the data previously published (Mello et al., 1996).

Figure 1. CD-Spectrum of the peracetylated gallocatechin (methanol, ¢ 152.5 pg/ml).

Table 1. NMR-Data of peracetylated gallocatechin (500 MHz/*H, 125 MHz/**C, CDCls, relative to
TMS)
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H/C 'H 8 (ppm) | Multiplicity/J (Hz) Integrals | **C & (ppm) HMBC
O-Ac 2.02-2.29 |6XxSs 20.2-21.1 68.3 (C-3)
(group.) 166.8-170.2 134.4 (C-4)
143.5 (C-3/5)
149.5 (C-5)
149.8 (C-7)
42 (C) 2.66 dd 0.0281 24.1 68.3 (C-3)
ZJ H-4ax — H-4eq = 16.8 7.4 (C-Z)
3J H-d4ax — H-3 = 6.7 110.2 (C-].O)
4eq (C) 291 dd 0.0251 149.4 (C-5)
ZJ H-4eq — H-4ax — 16.8 154.2 (C-g)
3] Hteq-H3=5.2
2 (C) 5.12 d 0.0253 77.4 24.1 (C-4)
h2 na=6.4 68.3 (C-3)
118.9 (C-2/6")
135.8
3(C) 5.23 ddd 0.0255 | 68.3 24.1 (C-4)
b3 H2=64 77.4 (C-2)
3 43 Haax = 6.7 110.2 (C-10)
3J H-3— H-4eq = 5.2 135.8 (C-l')
6 (A) 6.60 d 0.0213 108.9 107.7 (C-8)
Ve ns=21 110.2 (C-10)
149.5 (C-5)
149.9 (C-7)
8 (A) 6.66 d 0.0220 107.7 108.9 (C-6)
*Jhe-ne=2.1 110.2 (C-10)
149.9 (C-7)
154.2 (C-9)
2'/6' (B) 7.11 S 0.0447 118.9 77.4 (C-2)
118.9 (C-2'/6")
134.6 (C-4)
135.8 (C-1)

143.5 (C-3/5))

& = displacement; J = coupling constant; s = singlet; d = doublet; dd = doublet of doublets; ddd =
doublet of doublet of doublets



Figure 2. 'TH-NMR-Spectrum of the peracetylated gallocatechin (500 MHz, CDCls, relative to TMS).
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The subfractions F#13#8#P2 (14.8 mg) is related to epigallocatechin and represents 0.3% of
the FAE. By The LC-DAD-MS and MS" analyses showed the peak at 8.4 min for subfraction F#13#8
and deprotonated ions at m/z 305.0670 [M-H]  compatible with C1sH1307" (error: 1.2 ppm) (Ersan et
al., 2016; Guaratini et al., 2014). The paracetylated substance showed [a]3": -15.5 (acetone, ¢ 1.48)
and the CD spectrum (Figura 3) showed a positive band at 240 nm and negative band at 280 nm
correspondent to a 2R, 3S configuration (Korver and Wilkins, 1971; Mello et al., 1996). The
peracetylated substance was analysed by NMR (Table 2 and Figure 4) and the H-2(C) and H-3(C)
presents coupling constant < 1.0 Hz, according to the cis-configuration. The three substitution of the
B-ring are verified by the characteristic singlet with two protons at 6 6.57 ppm corresponding to H-2'
and H-6". It was waited at circa 6 7.2 ppm as showed in literature (Mello et al., 1996) and previously
for gallocatechin, however the B-ring is freely rotating and is more influenced by solvents change and,
for this analysis was carried with deuterated acetone instead of chloroform. The correlation with the
H-2 (*H/*H-COSY) confirmed that signal at § 6.57 ppm corresponds to H-2' and H-6' and, the number
of protons was confirmed by integral of 0.0143 (1H = 0.0070). The correlations COSY and HMBC
confirmed the position of each hydrogen and carbon.

Figure 3. CD-Spectrum of the peracetylated epigallocatechin (methanol, ¢ 37.0 pg/ml).




Table 2. NMR-Data of peracetylated epigallocatechin (500 MHz/*H, 125

relative to TMS)
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MHZ/lSC, (CD3)2CO,

H/C 'H-5 (ppm) | Multiplicity J (Hz) Integrals 1¥3C-8 (ppm) | HMBC
0O-Ac 186-229 | m
group
4ax (C) 2.75-2.79 dd 0.0083 26.9 67.9 (C-3)
3J H-4ax — H-3 = 2.0 78.4 (C-Z)
2\] H-4ax — H-4eq = 17.1 111.3 (C-].O)
4eq (C) 3.02-3.04 dd 0.0103 151.2 (C-5)
3J H-4eq—H-3 = 4.5 156.6 (C-g)
2J Heaeq - Haax = 17.1
2 (C) 5.09 brs 0.0066 78.4 26.9 (C-4)
67.9 (C-3)
106.8 (C-2°/6")
129.8 (C-1)
3(C) 5.41-5.43 ddd 0.0077 67.9 111.3 (C-10)
8 hs-n2<10
%) 13- Hgax = 2.0
%) h3—Heseq = 4.5
6 (A) 6.56 d 0.0080 107.0 108.6 (C-8)
Ve ns=24 111.3 (C-10)
151.2 (C-5)
2’/6’ (B) | 6.57 0.0143 106.8 78.4 (C-2)
106.8 (C-2°/6")
129.8 (C-1)
133.6 (C-4)
146.4 (C-3°/5%)
8 (A) 6.63 d 0.0067 108.6 107.0 (C-6)
Jhs ne=24 111.3 (C-10)
150.9 (C-7)
156.6 (C-9)

& = displacement; J = coupling constant; s = singlet; br s = broad singlet; d = doublet; dd = doublet of

doublets; ddd = doublet of doublet of doublets
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Figure 4. 'TH-NMR-Spectrum of the peracetylated epigallocatechin (500 MHz, (CDs).CO, relative to TMS).
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The epigallocatechin gallate was obtained in subfractions F#16#2, F#16#3, and
F#16#4 (132.5 mg) and represents 0.7% of the FAE. The analyses by LC-DAD-MS and MS"
showed the peak at 12.9 min for subfraction F#16#2 and deprotonated ions at m/z 457.0757
[M-H]" compatible with CzH17011" (error: 1.3 ppm); the presence of galloyl unit was
confirmed by the losses of 152 u (galloyl) (Ersan et al., 2016; Guaratini et al., 2014). The
paracetylated substance showed [a]3": -70.4 (acetone, ¢ 3.92), [a]F”: -70.2 (methanol, ¢ 0.8)
and, the CD spectrum (Figura 5) showed negative bands at 240 nm and 280 nm in discordance
with waited spectrum as epigallocatechin (2R, 3S configuration). This result showed the
influence of substituint at C-3 on the CD-spectrum (Mello et al., 1996). The peracetylated
substance was analysed by NMR. The H spectrum and NMR data (Figure 6 and Table 3)
shows the absence of the aliphatic acyl signal at circa & 2.0 and the H-3 at 5.62-5.65 in
agreeing with previously published data of epigallocatechin-3-O-gallate (H-3: 6 5.60-5.67,
Mello, 1995) for a proton in downfield shift. Besides, there is an additional signal at 6 7.62
ppm characteristic of a singlet of two protons (Integral = 0.0196; 1H = 0.010) from H-2" and
H-6" of a galloyl unit. The coupling constant for J>3< 1.0 is related to the cis-configuration,
that confirm the flavan-3-ol unit of epigallocatechin. The three substitutes of the B-ring are
verified by the characteristic singlet with two protons at 6 7.23 ppm (integral = 0.0199) of H-
2' and H-6', and the position was confirmed by correlation with the H-2 (*H/*H-COSY). The
COSY and HMBC correlations confirmed the position of each proton and carbon. The data
are compatible to the data previously published (Mello et al., 1996).

Figure 5. CD-Spectrum of the peracetylated epigallocatechin gallate (methanol, ¢ 9.9 pg/ml).
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Table 3. NMR-Data of the peracetylated epigallocatechin gallate (500 MHz/*H, 125 MHz/*3C, CDCl;,
relative to TMS).
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H/C 'H 8 (ppm) | Multiplicity/J (Hz) Integrals | °C & (ppm) | HMBC
0O-Ac 2.23-2.33 | 8xs 20.2-21.1 134.4 (C-4)
(group) 166.2-168.9 | 139.0 (C-4")
143.4 (C-3"/5")
143.5 (C-3'/5")
149.7/149.8 (C-5/C-7)
44 (C) 2.97-3.01 dd 0.0114 25.9 68.0 (C-3)
2\] H-4ax — H-4eq = 18.0 76.6 (C-Z)
3J H-4ax — H-3 = 2.4 109.5 (C-].O)
4eq (C) 3.04-3.08 dd 0.0125 149.7 (C-5)
2\] H-4eq — H-4ax = 18.0 154.8 (C-g)
8) Hteq-n3=4.4
2 (C) 5.17 brs 0.0103 76.6 24.9 (C-4)
68.0 (C-3)
118.8 (C-2/6")
135.1 (C-19
3(C) 5.62-5.65 M 0.0107 68.0 109.1 (C-6)
163.6 (C-7")
6 (A) 6.61 d 0.0095 109.1 108.1 (C-8)
Vhe ne=24 149.7/149.8 (C-5/C-7)
8 (A) 6.74 d 0.0102 108.1 109.1 (C-6)
Vhs ne=24 154.8 (C-9)
149.7/149.8 (C-5/C-7)
2°/6' (B) 7.23 S 0.0199 118.9 76.6 (C-2)
118.8 (C-2'/6")
134.4/135.1 (C-4'/C-1)
143.5 (C-3'/5")
2"/6" 7.62 S 0.0196 122.4 122.4 (C-2"/6")

127.5 (C-1")
139.0 (C-4")
143.4 (C-3"/5")
163.6 (C-7")

& = displacement; J = coupling constant; br s = broad singlet; s = singlet; d = double; dd = doublet of

doublets; m = multiplet
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Figure 6. 'TH-NMR-Spectrum of the peracetylated epigallocatechin gallate (500 MHz, CDCls, relative to TMS).
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The epigallocatechin-3-O-(2'>0—4")-gallate was obtained in subfraction F#20#5
(132.5 mg) and represents 0.09% of the FAE. The paracetylated substance showed [e] 3% -29.2
(acetone, ¢ 4.52); [a]feF: -42.0 (methanol, ¢ 0.9) and, the CD spectrum (Figura 7) showed
negative bands at 240 nm and 280 nm, similar to epigallocatechin gallate, which suggest the
similar configuration for this substance. The peracetylated substance was analysed by NMR.
The H spectrum and NMR data (Figure 8 and Table 4) confirmed the presence of a flavan-3-ol
unit with the cis-configuration (J23< 1.0). The H-3 (3 5.68 ppm) is in according with showed for
epigallocatechin-3-O-gallate (Table 3) for a proton in downfield shift. because a galloyl
substituent. Besides, the HMBC showed the correlation between H-3 and the carbon of carbonyl
(6 163.5 ppm) and confirmed the position 3-O for galloyl unit. The two protons singlet (& 7.64
ppm; integral = 0.0161) showed correlation with carbonyl (6 163.5 ppm) and confirmed the
presence of galloyl unit. The H-2 (8 4.79 ppm) has a correlation (1H/1H-COSY) with one
proton singlet at 6 7.62 ppm (integral = 0.0089), what proposed a substitution at C-2' of B-ring.
This new linkage is in the galloyl unit at C-4". The analysis of acetyl groups corroborates for
this propose and showed the presence of 7 groups instead of 8 as in epigallocatechin-3-O-
gallate. Besides, the HMBC-spectrum confirmed the absence of the correlation of any acetyl
with C-4". The presence of unchanged singlet of two protons for H-2" and H-6" discard the
possibility of the linkage at C-3" or C-5". To the best knowledge, the natural occurrence of this
compound is described here for the first time.

Figure 5. CD-Spectrum of the peracetylated epigallocatechin-3-O-(2'—>0—4")-gallate
(methanol, ¢ 11.3 pg/ml).
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Table 4. NMR-Data of the paracetylated epigallocatechin-3-O-(2'>0—4")-gallate (500
MHz/*H, 125 MHz/*C , CDCls, relative to TMS).

H/C

'H & (ppm)

Multiplicity/J (Hz)

Integrals

BC & (ppm)

HMBC

O-Ac goup

2.02-2.28

m

19.9-21.1
166.2-168.9

135.6 (C-4)

143.3 (C-3"/5")

142.1 (C-5)

144.0 (C-3)
149.4/149.5 (C-5/C-7)

4axlbeq (C)

2.86

brs

0.0165

26*

100.0 (C-6)

2 (C)

4.79

brs

0.0080

74.2

66.6 (C-3)

121.1 (C-6))
123.0 (C-2)
134.4 (C-1))

3(C)

5.68

m

0.0092

66.6

109.0 (C-6)
163.5 (C-7")

6 (A)

6.57

d
*J h6-He =22

0.0092

109.0

108.0 (C-10)

109.5 (C-8)
149.4/149.5 (C-5/C-7)
155.1 (C-9)

8 (A)

6.60

d
Vhs-ne=22

0.0092

109.5

109.00 (C-6)
149.4/149.5 (C-5/C-7)
155.1 (C-9)

6 (B)

7.62

0.0089

121.1

74.2 (C-2)

123.0 (C-2)
134.4 (C-1))
135.6 (C-4)
142.1 (C-5)
144.0 (C-3)

2"/6"

7.64

0.0161

122.4

122.4 (C-2"/6")
127.8 (C-1")
140% (C-4")
143.3 (C-3"/5")
163.5 (C-7")

O = displacement; J = coupling constant; brs = broad singlet; s = singlet; d = double; m =
multiplet; *not visible in *3C spectrum.
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Figure 8. *H-NMR-Spectrum of the peracetylated epigallocatechin 3-O-(2'—>0—4")-gallate (500 MHz, CDCls, relative to TMS).
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The samarangenin B was obtained in subfractions F#16#7 and F#17#8 (59.5 mg) and
represents 0.3% of the FAE. The analyses by LC-DAD-MS and MS" showed the peak at 14.9
min for subfractions F#16#7 and deprotonated ions at m/z 911.1315 [M-H] compatible with
Ca4H3102 (error: 0.3 ppm); the presence of galloyl units were confirmed by the losses of 152 u
(galloyl). The paracetylated substance showed [&]3”: -74.2 (acetone, ¢ 1.55) and [a]3": -64.5
(methanol, ¢ 0.3). The H-6 (A) and H-8 (A) at § 6.35/6.44, as well as the H-2 (F) at & 4.82
means interflavanyl bond (4—8). Complementary, the CD spectrum (Figura 9), with positive
Cotton effect at 213-224 nm, is similar to the dimeric prodelphinidins with a substituint in the
lower unit and complied to to 4R configuration (Botha et al., 1978; 1981; Mello et al., 1996).
The galloyl from upper unit do not seems to influence the CD spectrum. The peracetylated
substance was analysed by NMR. The 'H spectrum and NMR data (Figure 10 and Table 5)
shows the presence of two flavan-3-ol unit, both related to the cis-configuration (J23< 1.0 Hz)
characteristic for epigallocatechin units. The H-3 (C) showed correlation, by HMBC, with the
carbon of carbonyl (6161.8 ppm), as well as the H-3 (F) with second carbonyl (6162.3 ppm).
The two protons singlet at 67.63 ppm (integral 0.0107 for 3 protons) confirmed the presence of
the galloyl unit at C-3(C). This singlet is overlaid with a doublet, which has a correlation with
the doublet at & 7.44 ppm. Both doublets are part of the second galloyl unit (HMBC with
carbonyl at $162.3 ppm), and it is linked at C-3(F). The presence of two doublets instead of one
singlet of two proton suggested a substituent at C-3"" of galloyl unit. This linkage happens with
the C-2'(B), because as showed for epigallocatechin 3-O-(2'—>0—4")-gallate, the H-2(C) has
correlation (*H/*H-COSY), with one proton singlet at §7.30 ppm (integral 0.0034). Besides, the
2D-NMR-COSY showed the correlation with a proton at 64.52, 5.86, and 5.99 ppm,
corresponding to H-4, H-3 and H-2, respectively. The value of an integral of H-4 (0.0038)
confirmed these protons belong to upper unit. Therefore it was confirmed the added linkage is
between B-ring and galloyl below. The 2D-COSY also showed the correlation between H-2(F)
(64.82 ppm) and two protons singlet, which belonging to H-2' and H-6' of E-ring at 66.55 ppm
(integral = 0.0074). The data are compatible to data published previously (Lin et al., 2000;
Nonaka et al., 1992). The COSY and HMBC correlations confirmed the position of each proton
and carbon. This compound was isolated and identified as Samarangenin for the first time in the

Limonium brasiliense.
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Figure 9. CD-Spectrum of the peracetylated samarangenin B (methanol, ¢ 38.75 pg/ml).
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Table 5. NMR-Data of the peracetylated samarangenin B (500 MHz/*H, 125 MHz/**C, CDCls,

relative to TMS).

H/C Hs$
(ppm) (Hz)

Multiplicity/J

Integrals

C & (ppm)

HMBC

O-Ac group

181-23 | m

20.1-21.2
166.4-169.3

4ax/4eq (F)

3.04 br d

0.0076

27.4

68.9 (3 F-ring)
77.4 (2 F-ring)
111.1 (10 D-ring)
149.4 (5 D-ring)
153.0 (9 D-ring)

4(C) 4.52 s

0.0038

354

70.6 (2 C-ring)
71.8 (3 C-ring)
111.2 (10 A-ring)
115.6 (8 D-ring)
148.8 (5 A-ring)
154.0 (9 A-ring)

2 (F) 4.82 s

0.0037

77.4

27.4 (4 F-ring)
68.9 (3 F-ring)
118.0 (2'/6' E-ring)
134.1 (1' E-ring)

3(F) 5.58 m

0.0039

68.9

111.1 (10 D-ring)
162.3 (C-7")

3(C) 5.86 m

0.0037

71.8

35.4 (4 C-ring)
70.6 (2 C-ring)
111.2 (10 A-ring)
115.6 (8 D-ring)
161.8 (C-7")

2 (C) 5.99 m

0.0037

70.6

71.8 (3 C-ring)

128.7 (1' B-ring)
121.4 (6' B-ring)
144.1 (2' B-ring)
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6 (A) 6.35 d 0.0038 | 110.1 108.3 (8 A-ring)
Ve ns=22 111.2 (10 A-ring)
148.8 (5 A-ring)
149.2 (7 A-ring)

8 (A) 6.44 d 0.0038 | 108.3 110.1 (6 A-ring)
Vs ne=22 149.2 (7 A-ring)
154.0 (9 A-ring)

2'/6' (E) 6.55 S 0.0074 | 118.0 77.4 (2 F-ring)

118.0 (2'/6' E-ring)
134.6 (4' E-ring)
143.2 (3'/5' E-ring)

6 (D) 6.82 S 0.0037 | 110.6 111.1 (10 D-ring)
115.6 (8 D-ring)
148.8 (7 D-ring)
149.4 (5 D-ring)

6' (B) 7.30 S 0.0034 | 1214 70.6 (2 C-ring)

128.7 (1' B-ring)
136.1 (4' B-ring)
138.0 (5' B-ring)
140.6 (3' B-ring)
144.1 (2' B-ring)

6" 7.44 d 0.0037 | 1224 128.4 (C-1")
*J he —no = 1.8 139.1 (C-4™)
2" 7.63 d 0.0107 | 122.7 143.6 (C-3")
overlapping 144.7 (C-5")
162.4 (C-7")

2"/6" 7.63 S 122.8 122.8 (C-2"/6")
127.5 (C-1")
139.3 (C-4")

149.2 (C-3"/5")
161.8 (C-7")

0 = displacement; J = coupling constant; s = singlet; d = double; br d = broad doublet, m =

multiplet



110

Figure 10. *H-NMR-Spectrum of the peracetylated samarangerin B (500 MHz, CDCls, relative to TMS).
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The epigallocatechin-3-O-(2'>0—3")-gallate (43— 8)-epigalocatechin-3-O-gallate was
obtained in subfraction F#17#7#P4 after the acetylation. The equivalent quantity in free form is
99.9 mg, that represents circa 0.5% of the FAE. The analyses by LC-DAD-MS and MS" showed
the peak at 14.9 min for subfractions F#17#7 and deprotonated ions at m/z 911.1339 [M-H]
compatible with CasHs102" (error: 2.9 ppm). The paracetylated substance showed [a]3’: -78.7
(acetone, ¢ 2.54) and the CD spectrum (Figura 11) showed positive Cotton effect at 213-224
nm, similar to samarangenin B, suggesting to a 4R configuration (Botha et al., 1978; 1981). The
peracetylated substance was analysed by *H NMR and its spectrum and data are presents in
Figure 12 and Table 6. As well the Samarangenin B, this structure showed the presence of two
flavan-3-ol unit, both related to the cis-configuration (J23 < 1.0 Hz) characteristic for
epigallocatechin units, and the add linkage with a galloyl unit and phenolic ring. By
comparison, it is possible to observe the protons of C-ring is downfield shift, as well as the H-
6'(B), than samarangenin B. It showed that the add linkage is the B-ring with upper galloy! unit.

Figure 11. CD-Spectrum of the peracetylated epigallocatechin-3-O-(2'—>0—3")-gallate
(methanol, ¢ 6.35 pg/ml).
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Table 6. 'H NMR-Data of the peracetylated epigallocatechin-3-O-(2'->0—3")-gallate (4p—8)-
epigalocatechin-3-O-gallate (500 MHz, (CDs),CO, relative to TMS).

H/C 'H 8 (ppm) | Multiplicity/J (Hz) | Integrals
O-Ac group 180-236 | m
ol eq (F) 3.13 m 0.0133 (2H)
4(C) 4.73 brs 0.0065
2 (F) 4.96 brs 0.0068
3(F) 5.70 m 0.0071
3(C) 5.84 m 0.0068
2 (C) 6.12 brs 0.0068
6 (A) 6.35 d 0.0069
“Jhe-rs=2.2
8 (A) 6.42 d 0.0072
*J hg_re = 2.2
276' (E) 6.69 s 0.0143 (2H)
6 (D) 6.86 s 0.0067
6" 7.44 d 0.0069
Jhe-nr=18
6'(B) 7.48 brs 0.0069
2"/6" 7.66 S 0.0205 (3H)
2" 7.67 d

6 = displacement; J = coupling constant; s = singlet; d = double; m = multiplet
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The epigallocatechin gallate (4p—8) epigallocatechin gallate was obtained in
subfraction F#18#9 (34.1 mg) and represents 0.2% of the FAE. The analyses by LC-DAD-MS
and MS" showed the peak at 13.2 min for subfraction F#18#9 and deprotonated ions at m/z
913.1487 [M-H] compatible with CsHs302.7; the presence of galloyl units were confirmed by
the losses of 152 u (galloyl) (Ersan et al., 2016; Guaratini et al., 2014). The paracetylated
substance showed [@]3”: -54.4 (acetone, ¢ 2.7) and [a]3": -63.0 (methanol, ¢ 0.5). The H-6 (A)
and H-8 (A) at 6 6.31, as well as the H-2 (F) at 6 4.76 means interflavanyl bond (4—8).
Complementary, the CD spectrum (Figura 13) showed the characteristic Cotton effect for 4R
configuration, in according to previous reports for the (4p—8)-linkage (Botha et al., 1978;
1981; Mello et al., 1996). It is noted a positive tendency for Cotton effect it ca. 217 nm is maybe
influenced by the presence of Samarangenin B. The peracetylated substance was analysed by
NMR. The 'H spectrum and NMR data (Figure 14 and Table 7) shows the presence of two
flavan-3-ol unit, both related to the cis-configuration (J23 < 1.0 Hz) characteristic for
epigallocatechin units. The H-3 of C- and F-rings are in downfield shift (6 3.28-3.63) due to
galloyl substituents. The 2D-COSY showed the correlation between H-2(C) (& 5.65 ppm) and a
two protons singlet (6 7.21 ppm, integral = 0.0031), as well as the H-2(F) (& 4.76 ppm) which a
other the two protons singlet (6 7.07 ppm, integral = 0.0034) belonging to H-2' and H-6' of,
respectively, B- and E-ring. The H spectrum also shows the presence of two singlets of two
protons (& 7.56 ppm, integral = 0.0028; & 7.74 ppm, integral = 0.0027) belonging to galloyl
units. The HMBC spectrum confirm the correlation with signals at 6 162.6 and & 164.1 ppm
correspondent to carbonyl carbons. The COSY and HMBC correlations confirmed the position
of each proton and carbon. This spectrum showed that the compound is not pure because it was
observed the intense presence of samarangenin B. The data are compatible to the data

previously published (Mello et al., 1996).
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Figure 13. CD-Spectrum of the peracetylated epigallocatechin gallate (4p—8) epigallocatechin
gallate (methanol, ¢ 6.75 pg/ml).




116

Table 7. NMR-Data of the peracetylated epigallocatechin gallate (4p—8) epigallocatechin
gallate (500 MHz/*H, 125 MHz/**C, CDCls, relative to TMS).

H/C

'H-5 (ppm)

Multiplicity J (Hz)

Integrals

3C-8 (ppm)

HMBC

OAC group

1.79-2.33

m

19.9-21.1
166.2-169.4

4ax/4eq (F)

3.07-3.11

brd

0.0030

26.4

68.8 (3 F-ring)
77 (2 F-ring)
111% (10 A-ring)
148.9 (5 A-ring)
154.8 (9 A-ring)

4(C)

4.49

brs

0.0010

Not visible

Not visible

2(F)

4.76

brs

0.0019

7™

68.8 (3 F-ring)
118.5 (2'/6' E-ring)
134.0 (1' E-ring)

3(F)

5.28

m

0.0020

68.8

Not visible

3(C)

5.63

m

0.0020

72.0

Not visible

2(C)

5.65

brs

0.0021

73.8

72.0 (3 C-ring)
119.0 (2'/6' B-ring)

6/8 (A)

6.31

false t

0.0032

109.4

111* (10 A-ring)
149.4 (5 A-ring)
154.8 (9 A-ring)

6 (D)

6.68

0.0020

111.0

111% (10 D-ring)
116* (8 D-ring)
148.6 (5 D-ring)

2'6' (E)

7.07

0.0034

118.5

77 (2 F-ring)

118.5 (2'/6' E-ring)
134.0 (1' E-ring)
143.4* (3'/5' E-ring)

26’ (B)

7.21

0.0031

119.0

73.8 (2 C-ring)

119.0 (2'/6' C-ring)
134.5 (1' C-ring)
143.4** (3'/5' C-ring)

2"/6"

7.56

0.0028

122.6

122.6 (2'/6")
127.2 (1)
139%** (4")
143.4%* (3"/5")
162.6 (7")

2"/6™

7.74

0.0027

122.1

122.1 (2"16")
127.6 (1)
139%** (4™)
143.4%% (3"/5™)
164.1 (7")

d = displacement; J = coupling constant; s = singlet; br s = broad singlet; br d = broad doublet,
m = multiplet; t = triplet; * Behind CDClI; signal; **Not clear: 143.14, 143.33, 143.35 or
143.40; *** Not clear: 138.90 or 139.10; # Not clear
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Figure 14. 'H-NMR-Spectrum of the peracetylated epigallocatechin gallate (4B—8) epigallocatechin gallate (500 MHz, CDCls, relative to TMS).
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The myricetin-3-O-a-L-rhamnoside was obtained in subfraction F#13#4/5 (15.4 mg)
and represents 0.08% of the FAE. The analyses by LC-DAD-MS and MS" showed the peak at
17.9 min for subfraction F#13#4/5 and deprotonated ions at m/z 463.0884 [M-H] compatible
with Cz1H10012™ (error: 0.5 ppm). The paracetylated substance showed [a]3: -57.8 (acetone, ¢
1.16); [@]2": -77.6 (methanol, ¢ 0.2). The peracetylated substance was analysed by NMR. The
'H spectrum and NMR data (Figure 15 and Table 8) shows the presence of anomeric carbon (8
97.91 ppm), which has a correlation with a three protons singlet at & 0.95 ppm (integral =
0.0200). This methyl group is characteristic of rhamnoside unit at position C-6". Besides, there
is no proton at C-ring. The H-2' and H-6' of B-ring at & 7.71 ppm (integral = 0.0125) is
correlated with a carbon at 5153.3 ppm corresponding to C-2 with double bond between C-3. In
the 2D-NMR (COSY and HMBC) correlations confirmed the position of each proton and
carbon, and the data are compatible to data previously published (Korul’kina et al., 2004;
Murray et al., 2004; Ye and Huang, 2006). This spectrum showed the signals characteristic of
the presence of gallocatechin as minor substance. This compound was isolated previously in the

Limonium genus.
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Table 8. NMR-Data of the peracetylated myricetin-3-O-a-L-rhamnoside (500 MHz/*H, 125
MHz/**C, CDCls, relative to TMS).

Position 'H 8 (ppm) | Multiplicity/J (Hz) Integrals | *C HMBC
(ppm)
6" 0.95 d 0.0200 17.0 68.8 (C-4")
e ns =61 97.9 (C-1")
O-Ac group 202-2.46 | m 68.9 (C-2") /69.0 (C-3")
70.1 (C-4)/154.1 (C-7)
150.4 (C-5) / 137.1 (C-4")
143.9 (C-3'/5")
5" 3.33-3.40 m 0.0086 68.8 17.0 (C-5")
3] H-s'_H-6 = 6.1 70.1 (C-4")
3.] H-5" —H-4*> = 9.8 97.9 (C-l")
4" 4.93-4.97 False t 0.0084 70.1 69.0 (C-3")
3J H-4> —H-5° = 9.8 17.0 (C-l")
10.07
3" 5.20-5.22 dd 0.0094 69.0 70.1 (C-4")
3 ha pnae =98
by _no =34
2" 5.70 dd 0.0077 68.9 70.1 (C-4")
82 nwrr=18 97.9 (C-1")
N ho-ny =34
1" 5.75 d 0.0065 97.9 68.9 (C-2")
3] 1 -n2 =18 137* (C'3)
6 (A) 6.87 d 0.0065 113.7 154.1 (C-7)
Jhe-ns=2.1 150.4 (C-5)
115.1 (C-10)
108.9 (C-8)
8 (A) 7.31 d 0.0066 108.9 113.7 (C-6)
4 He_ H6=2.1 115.1 (C-lO)
154.1 (C-7)
156.6 (C-9)
2'/6' (B) 7.71 S 0.0125 121.3 153.3 (C-2)
143.9 (C-3/5")
137.1 (C-4)
127.9 (C-1)

o = displacement; J = coupling constant; br = broad; s = singlet; d = double; m = multiplet; *not

visible in *C spectrum.



Figure 15. 'H NMR-Data of the peracetylated myricetin-3-O-a-L-rhamnoside (500 MHz, CDCls, relative to TMS).
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The myricetin-3-O-B-D-galactoside-6"-gallate was obtained in subfraction F#14#5 (39.6
mg) and represents 0.2% of the FAE. The analyses by LC-DAD-MS and MS" showed the peak
at 15.2 min for subfraction F#14#5 and deprotonated ions at m/z 631.0949 [M-H]- compatible
with CasH23017 (error: 1.3 ppm). The paracetylated substance showed [a]3”: -20.5 (acetone, ¢
2.29) and [e]3 -10.9 (methanol, ¢ 0.4). The peracetylated substance was analysed by NMR.
The *H spectrum and NMR data (Figure 16 and Table 9) shows the presence of the glycoside
and galloyl units. By HMBC, it is possible to confirm the linkage between C-3 (& 137.1 ppm)
with the anomeric hydrogen (H — 6 5.37 ppm; C — § 100.0 ppm). The two protons singlet at &
7.82 ppm corresponding to H-2" and 6' of B-ring, and there is a correlation with C-2 (5 153.8
ppm). The two protons singlet at & 7.65 ppm corresponding to H-2"" and 6™ of galloyl unit,
because there is a correlation with C-7" at 6 163.5 ppm. The position of galloyl unit is
confirmed by correlation of H-6" with the carbonyl C-7". The COSY and HMBC correlations
confirmed the position of each proton and carbon, and the data are compatible to data previously
published (Korul’kina et al., 2004; Ye and Huang, 2006).
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Table 9. NMR-Data of the peracetylated myricetin-3-O-B-D-galactoside-6"-gallate (500

MHz/*H, 125 MHz/**C, CDCls, relative to TMS).

H/C 'H 8 (ppm) | Multiplicity/J (Hz) Integrals | *C & (ppm) HMBC
O-Ac 200-241 | m 20.2-21.2 70.6 (C-3")
group 166.3-171.9 66.9 (C-4")
69.0 (C-2")
150.1 (C-5)
154.0 (C-7)
138.8 (C-4™)
143.4 (C-3"/5™)
136.8 (C-4")
143.2 (C-3'/5")
5" 3.89 false t 0.0096 71.0 62.3 (C-6")
100.0 (C-1")
66.9 (C-4")
6" 4.05-4.11 dd 0.0089 62.3 66.9 (C-4")
2 he—ne=11.4 71.0 (C-5")
%) 6 Heso= 6.2 163.5 (C-7™)
6" 4.11-4.18 dd 0.00093
2 he—ne =114
%) b6 ns= 6.8
3" 5.09-5-13 dd 0.0107 70.6 66.9 (C-4")
3\] H-3” — H-4"= 9.9 69.0 (C-Z")
100.0 (C-1")
4" and 2" | 5.35-5.45 dd+dd - overlaied 0.0219 66.9 69.0 (C-2")
69.0 70.6 (C3")
100.0 (C-1")
1" 5.37 d 0.0045 100.0 137.1 (C-3)
J<1
6 (A) 6.83 d 0.0101 113.5 109.0 (C-8)
4\] H-6 —H-8 = 2.2 115.0 (C-lO)
143.2 (C-4)
150.1 (C-5)
154.0 (C-7)
8 (A) 7.31 d 0.0078 109.0 113.5 (C-6)
*Jhe-_He=22 115.0 (C-10)
154.0 (C-7)
156.5 (C-9)
2"/6" 7.65 S 0.0150 122.3 127.6 (C-1™)
138.8 (C-4™)
143.4 (C-3"/5™)
163.5 (C-7")
2'6' (B) 7.82 S 0.0146 121.7 128.4 (C-1)
136.8 (C-4")
143.2 (C-3/5")
153.8 (C-2)

& = displacement; J = coupling constant; s = singlet; d = double; dd = doublet of doublets; m =

multiplet
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Figure 16.'H NMR-Data of the peracetylated myricetin-3-O-B-D-galactoside-6"-gallate (500 MHz, CDCls, relative to TMS).
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CONCLUSION

Phenolic substances are largely distributed in plants from the genus Limonium and gallo- and
epigallocatechin, as well as its derivates, and flavonoids as myricetin and its derivates seem to be
specialy oft (Geng et al., 2015; Korul’kina et al., 2004; Murray et al., 2004; Rodrigues et al., 2015;
Rodrigues et al., 2016; Stankovic et al, 2015; Zhusupova, 2006; Zhusupova and Abil’kaeva, 2006a-b).
We elucidate the substances as gallocatechin, epigallocatechin, epigallocatechin gallate,
epigallocatechin  gallate-(4p—8)-epigalocatechin  gallate, myricetin-3-O-a-L-rhamnoside and
myricetin-3-O-B-D-galactoside-6"-gallate. Besides, the unusual substance samarangenin B, previous
identified in L. sinense (Girard) Kuntze (Lin et al. 2000), also could found in L. brasiliense, as well as
other two substances with same characteristic of doble bound, by first time identified in plant material:
epigallocatechin 3-O-(2'>0—-4")-gallate and epigallocatechin-3-O-(2'—>0—3")-gallate-(4p—8)-

epigalocatechin-3-O-gallate.
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Pelo presente trabalho, pardmetros de controle de qualidade farmacognéstico por métodos
farmacopeicos e ndo-farmacopeicos foram determinados para os rizomas de Limonium brasiliense
contribuindo para a determinacg&o de critérios de qualidade vegetal dessa espécie. O método por CLAE
para a separacdo de polifendis e quantificacdo de galocatequina (GC) e epigalocatequina (EGC) na
fracdo acetato de etila apresentou-se satisfatério quanto aos requisitos de validagdo analitica
(linearidade, especificidade, precisdo e exatidao). Além disso, o perfil cromatogéfico, tanto por CLAE
como cromatografia em camada delgada (CCD) mostraram ser caracteristicos dessa droga vegetal. O
planejamento estatistico de misturas (centroide simplex) avaliou a influéncia da extracdo por
componentes quaternarios (agua, metanol, acetona e etanol) e demonstrou que € possivel predizer o
teor de polifendis e GC da mistura em qualquer proporcdo desses solventes por modelos quadrético e
cubico especial, respectivamente. A andlise de componente principal (PCA) e de agrupamentos
hierarquica (HCA) dos espectros de ultravioletas dos picos presentes no cromatograma demonstrou a
presenca homogénea de compostos flavan-3-ols. A andlise destas amostras por espectrometria de
massas (LC-DAD-MS) confirmou a presenca de acido gélico, galocatequina e epigalocatequina, assim
como prodelfinidinas monomeéricas e diméricas. Além disso, o planejamento por centroide simplex
demontrou ser uma forma viavel e sistematizada de investigacdo de atividades bioldgicas, uma vez que
disponibiliza extratos que ndo seriam comumente planejados tendo como base o conhecimento
etnofarmacolégico ou o foco em grupos quimicos especificos. Neste sentido, as amostras foram
testadas contra cepas multrresistentes e demontraram um 6timo potencial, especialmente em bactérias
Gram-positivas, como Enterococcus faecium resistente a vancomicina (VREfm) e Staphylococcus
aureus resistente a meticilina (MRSA). Estes resultados evidenciam o forte potencial do extrato ou
fracbes da droga vegetal para o desenvolvimento de novos medicamentos antibacteriano. E
interessante destacar que, de acordo com o estudo fitoquimico dos polifendis, essa planta contem,
flavonoides e taninos, como miricetina-3-O-a-L-ramnosideo, miricetina-3-O-p-D-galactoside-6"-
galato, galocatequina, epigalocatequina-3-O-galato e mondmeros e dimeros do tipo B com unidades de
galato ligadas atipicamente em dois pontos, como: epigalocatequina-3-O-(2'—>0—4")-galato e
epigalocatequina-3-O-(2'—-0—3")-galato (4p—8) epigalocatequina-3-O-galato, pela primeira vez

isoladas de fonte natural, além da samarangenina B, esta ja isolada em outras estécies vegetais.
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7.1 DESCRICAO DA MATERIA-PRIMA VEGETAL
RAW MATERIAL DESCRIPTION

a. Sample of Mai/2006 (Voucher specimens under mumber HUEM-12151) is described in:

BLAINSKI, A. Estudos farmacogndstico, desenvolvimento de metodologia analitica, atividade
hormonal, toxicidade aguda e mutagenicidade in vivo de Limonium brasiliense (Boiss.) Kuntze
(Plumbaginaceae) — Baicuru. 2010. Dissertacdo (Mestrado em Ciéncias Farmacéuticas) — Curso de

Pos-Graduagdo em Ciéncias Farmacéuticas, Universidade Estadual de Maringé, Maringd, 133 f., 2010.
b. Sample of Mai/2010 (Voucher specimens under mumber HUEM-21152) is described in:

ANTONELLI-USHIROBIRA, T. M. Avaliacdo etnofarmacoldlica e toxicolégica pré-clinica in vivo
do extrato bruto dos rizomas de Limonium brasiliense. 2015. Tese (Doutorado em Ciéncias
Farmacéuticas) — Curso de Po6s-Graduagdo em Ciéncias Farmaccéuticas, Universidade Estadual de
Maringd, Maringa, 112 f., 2015.

c. Sample of February/2013 (Voucher specimens under mumber HUEM-27725): it was collected
58 kg of fresh rhizomes, which were cleaned with running water to remove soil. After drying (circular-
air oven at 3712 °C), it was obtained 19.6 kg (33.8%) of material, which was milled (hammer mill
Tigre ASN-5) and obtained 19.0 kg of milled herbal drug (dso 0,48 mm). From of 5.0 kg of this
material, it was performed the turbo-extraction with acetone:water (7:3) in the proportion of 10% (p/v)
(Ultra-Turrax UTC115KT, Wilmington, NC, USA, 3000 rpm, 5 times of 5 min, temperature less than
40 °C). It was concentrated (Rota-vapor Biichi R-135) and dried (Liofilizador Christ Alpha 1-4) to
obtain 1.38 kg (27.6%) of crude extract (CE). The crude extract (1.2 kg) was solubilized in water at
proportion of 10% (p/v) and alow to stay in deixou-se a solucdo descansar em funnil of partition for
ca. 20 min, until to obtain the precipitate, which was separeted of partition system and liofilized (120.5
g — 10.0%). The rest of solution was partitioned with ethyl acetate (10 times the same volume of
water). In the end, the aqueous and ethyl acetate phases were concentrated and liofilized to obtain the
aqueous fraction (FAq — 875.0 g — 72.4%) and the ethyl acetate fraction (FAE — 125.8 g — 10.4%).
Flow chart:
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