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RESUMO

MOREIRA, Antdnio Sérgio Nascimento; D.Sc. Universidade Estadual do Norte
Fluminense Darcy Ribeiro. Julho de 2015. Estudo quimico e atividade bioldgica de
Ramalina usnea (L.) R. Howe. Professor Orientador: Ivo José Curcino Vieira.

Fungos liquenizados sdo simbiontes entre fungos e algas ou cianobactérias. O
fungo liqguenizado Ramalina usnea pertence ao género Ramalina, que é composto
de cerca de 250 espécies distribuidas em todas as regides do mundo. Fungos
liquenizados também sdo conhecidos pela diversidade de metabdlitos
secundarios que apresentam e certas classes de compostos séo tipicos destes
organismos, como 0s meta e para depsideos e as depsidonas. Atualmente sao
conhecidos cerca de 1.050 compostos de fungos liquenizados e varios destes
metabdlitos sdo biologicamente ativos, possuindo diversas propriedades como
agente de protecdo contra intensas radiacdes, como aleloquimicos, acbes
farmacolégicas como, antimicrobiana, antioxidante, antiviral, antitumoral,
inseticida, anti-inflamatéria entre outras. Desta forma, o objetivo desta pesquisa
foi estudar a quimica e atividade biologica da espécie Ramalina usnea coletada
na restinga de lquipari no litoral de Sdo Jodo da Barra estado do Rio de Janeiro.
O extrato em metanol do liguen e algumas fracdes apresentaram atividade
larvicida, matando 100% das larvas de 3° instadio do mosquito Aedes aegypti
apos 24 horas de exposicdo. Dois compostos identificados como 2-hidréxi-4-
metoxi-6-propil- benzoato de metila (1) e &cido Usnico (2) apresentaram atividade
larvicida, com concentracdo letal 50% (CLsg) de 4,850 e 4,475 pg/mL,

respectivamente. O extrato e algumas fragcbes também apresentaram atividade
vii



sobre linhagens de bactérias Gram (+) Staphylococcus aureus ATCC e Gram (-)
Burkholderia cepacea. Acido Usnico ndo produziu inibicdo no crescimento de
nenhuma bactéria testada, mas produziu inibicdo 100 % de crescimento dos
fungos Candida tropicalis e Candida kefyr em baixa concentracédo. Desta forma,
pode-se verificar que esta espécie de liquen apresenta substancias promissoras
como modelos para o desenvolvimento de compostos com diferentes atividades
farmacoldgicas.

Este € o primeiro estudo realizado com o composto 2-hidroxi-4-metéxi-6-
propil- benzoato de metila para atividade larvicida com Aedes aegypti, 0 primeiro
estudo com o género Ramalina com os fungos leveduriformes testados nesta
pesquisa. Esta é a primeira vez que o composto 2-hidroxi-4-metdxi-6-propil-
benzoato de metila é citado no género Ramalina e na espécie Ramalina usnea
(L.) R. Howe.
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ABSTRACT

MOREIRA, Antbnio Sérgio Nascimento; D.Sc. Universidade Estadual do Norte
Fluminense Darcy Ribeiro. July 2015. Chemical and biological activity of Ramalina
usnea (L.) R. Howe. Advisor: Ivo José Curcino Vieira.

Lichens are symbionts between fungi and algae or cyanobacteria. The lichen
Ramalina australiensis (syn. Ramalina usnea) belongs to the genus Ramalina,
which is composed of about 250 species distributed over all regions of the world.
Lichens are also known for the diversity of secondary metabolites that (they) have
and certain classes of compounds are typical of these organisms, as the meta and
para depsides and depsidones. Now days there are about 1050 known lichens
compounds and several of these metabolites are biologically active, possessing
many properties such as, protective agent against intense radiation, as
allelochemicals, pharmacological actions as antimicrobial, antioxidant, antiviral,
anti-tumor, insecticide, anti-inflammatory among others. Thus, the objective of this
research was to study the chemistry and biological activity of the species
Ramalina australiensis collected in the restinga (sandbank) of Iquipari in the
coastline of Sdo Jodo da Barra, Rio de Janeiro state. The (lichen methanolic
extract) and some fractions showed good larvicidal activity, killing 100% of Aedes
aegyti mosquito in third instar after 24 hour of exposure. Two isolated compounds
identified as 2-Hydroxy-4-methoxy-6-propyl-methyl ester benzoic acid (1) and
usnic acid (2) showed good larvicidal activity, with lethal concentration 50% (LCs)
of 4,850 and 4,475 pg/mL, respectively. The extract and some fractions also
showed good activity against (bacteria) lineages of Gram (+) Staphylococcus
aureus ATCC and Gram (-) Burkolderia cepacea. Usnic acid did not produce
inhibition on the growth of any bacteria tested, but it produced inhibition of 100% in
the growth of fungi lineages Candida tropicalis and Candida kefir at low
concentration. Therefore, it can be concluded that this lichen species present
promising substances as models for the development of compounds with different
pharmacological activities.



This is the first study carry out with the compound 2-Hydroxy-4-methoxy-6-
propyl-methyl ester benzoic acid for larvicidal activity with Aedes aegypti and the
first study to Ramalina genre with the yeast-like fungi tested in this research. This
is the first time that the compound 2-Hydroxy-4-methoxy-6-propyl-methyl ester
benzoic acid is cited in the genus Ramalina and in the specie Ramalina usnea (L.)

R. Howe.



1. INTRODUCAO

Fungos liguenizados constituem uma forma perfeita de mutualismo
simbidtico de um fungo (micobionte) e de uma alga ou de uma cianobactéria,
portanto um parceiro fotoautotréfico (fotobionte) (Nultsch, 2000; Molnar e Farkas,
2010; Werth, 2012) e constituem uma unidade sistematica independente e estavel
(Nultsch, 2000; Boustie e Grube, 2005). Extimam-se que existam 13.500
espécies, com mais de 600 géneros de fungos liquenizados, o que corresponde a
20% dos fungos conhecidos (Honda, Vilegas, 1998). No trabalho publicado por
Boustie e Grube (2005) os pesquisadores ja mencionam cerca de 18.500
diferentes espécies de liquens por todo 0 mundo, isso mostra o grande interesse
gue os estudiosos tém demonstrado pelo estudo destes organismos especiais.

Em geral, um fungo liquenizado € formado por um micobionte e um
fotobionte, porém existem também alguns com dois micobiontes e um ou dois
fotobiontes ou com um micobionte e até mesmo trés fotobiontes (Nultsch, 2000;
Honda, Vilegas, 1998). No total s&o conhecidos aproximadamente 13.500
micobiontes, mas apenas cerca de 30 fotobiontes. Entre os micobiontes, 98% séo
Ascomicetos e 46% desses sdo liquenizados, poucos sdo os Basidiomicetos,
como as espécies do género Dictyonema (Nultsch, 2000; Boustie e Grube, 2005;
Honda e Vilegas, 1998).

Os Basidiomicetos formam diversas associagdes com algas azuis
semelhantes a liquens, em regides tropicais. (Honda e Vilegas, 1998). Entre os
fotobiontes, predominam as algas verdes unicelulares (Chloroccocales). As algas

verde-azuladas (cianoficeas) mais comuns sdo a Nostoc e Scytonema (Honda,



Vilegas, 1998). Algumas cianobactérias, como representantes do género Nostoc,
podem fixar nitrogénio elementar (Nultsch, 2000).

Nos fungos liquenizados homdmeros, os fotobiontes estdo mais ou menos
uniformemente distribuidos no talo. J4 nos fungos liquenizados heterbmeros eles
ficam limitados a determinadas camadas. As hifas contribuem para a maior parte
da sua massa, envolvendo as algas especialmente nos estagios iniciais da
formacdo do talo (Nultsch, 2000). O talo de um liquen é o produto do
desenvolvimento da unido da alga e do fungo, e se cultivados em separado nao
h& semelhanga com a alga ou com o fungo precursor, perdendo totalmente a
caracteristica liquénica. O talo é constituido principalmente pelas hifas do fungo e
pelos filamentos da alga, sendo estes em menor proporcédo. O talo apresenta uma
morfologia que varia entre crustosa, fruticosa ou foliosa (Joly, 2002).

O beneficio que o fungo tem dessa simbiose consiste, sem duavida, no
fornecimento de produtos de fotossintese do fotobionte. Medi¢cdes tém mostrado
que até 90% de tais produtos podem chegar aos micobiontes. No caso das algas
verdes, esses produtos sdo, sobretudo, alcoois de acgucares, como ribitol, eritritol
ou sorbitol, enquanto das cianobactérias, trata-se da glicose. A vantagem que o
fotobionte tem nessa simbiose, por outro lado, ainda ndo esta clara. Entre outras
suposicoes, alguns autores supdem que o micobionte, por possuir pigmentos de
liquen, esta em condi¢cBes de proteger o fotobionte da exposicéo direta a luz solar
(Nultsch, 2000).

Os fungos liquenizados, em geral, multiplicam-se vegetativamente por
meio de fragmentos do talo ou por sorédios, que sdo partes que penetram no
tecido vivo do hospedeiro em busca de alimento. Estes érgdos sdo células de
algas envolvidas pelo micélio do fungo, dispersas pelo vento que, sobre um
substrato adequado, crescem até se tornarem novamente talo. Via de regra, a
forma e a estrutura do talo sdo decisivamente determinadas pelos micobiontes,
embora existam situacdes em que o fotobionte exerca influéncia marcante. No
entanto, a organizacao do talo sempre € o resultado da simbiose entre ambos os
parceiros (Nultsch, 2000).

Os fungos liquenizados podem ser encontrados em diversos
ambientes, sobre troncos de arvores, sobre pedras, nas montanhas e até no gelo.
Apesar de serem resistentes as variacdes de temperatura, esses organismos sao

muito sensiveis a poluigcdo do ar, funcionando como verdadeiros sinais de alerta



da poluicdo (Gewandsznajder e Linhares, 2000; Marcelli, 1997). Em ambientes
poluidos, a maioria desaparece e 0os que sobrevivem funcionam como indicadores
da poluicdo atmosférica ao serem analisados. Por ndo terem raizes e folhas,
estruturas que nos vegetais funcionam como filtros contra a polui¢cdo, os liquens
absorvem os poluentes por toda sua superficie, onde ocorrem as trocas de agua,
gases e sais minerais (Gewandsznajder e Linhares, 2000).

Os fungos liquenicados produzem um grande numero de substancias
naturais, que podem ser classificadas como intra ou extracelulares. Entre os
produtos intracelulares encontram-se metabdlitos primarios como carboidratos,
aminoacidos, vitaminas, carotenoides e proteinas, que estdo ligados a parede
celular ou ao protoplasto, sendo estes produtos normalmente sollveis em agua.
Além de ocorrerem em fungos e algas de vida livre, muitos desses compostos
também ocorrem em plantas superiores, logo nao sdo especificos de liquens. Os
produtos extracelulares sdo resultantes do metabolismo secundario dos liquens,
podendo ser corticais ou medulares, sendo a maioria de natureza fendlica,
insolivel em agua, e sdo depositados na superficie das hifas sob a forma de
cristais (Honda e Vilegas, 1998).

Fungos liquenizados sintetizam uma grande variedade de metabdlitos
secundarios biologicamente ativos, dos quais certas classes s6 sdo produzidas
por estes microorganismos, restritos a grupos taxonbmicos e/ou areas
geograficas (Marcelli, 1997; Molnar e Farkas, 2010) O desenvolvimento de
técnicas analiticas e métodos experimentais resultaram na identificacdo de cerca
de 1.050 substancias liquénicas, incluindo as produzidas em culturas (Molnar e
Farkas, 2010). Dentre esses compostos encontram-se 0s acidos alifaticos, meta e
para depsideos, depsidonas, ésteres benzilicos, dibenzofuranos, antraquinonas,
xantonas, acido Usnico, terpenos e derivados do acido pulvinico (Honda e Vilegas,
1998).

Os compostos secundarios apresentam importante papel na sistematica e
guimiotaxonomia dos liquens além de possuirem importantes propriedades
biologicas, tais como agentes de fotoprotecdo contra intensas radiacbes
(Urdapilleta e Sampaio, 2006), como aleloquimicos e variadas ac0es
farmacoldgicas, entre elas antiviral (Fazio et al.,, 2007; Esimone, 2009),
antitumoral (Shibata et al., 1968; Nishikawa et al., 1970; Rankovic et al., 2011;
Kosanic et al., 2012) , antimicrobiana (Falcdo et al., 2002; Piovano et al., 2002;



Manojlovic et al.,, 2002; Tay et al., 2004; Cansaran et al., 2006; Mitrovic et al.,
2011; Rankovic et al., 2011; Kosanic et al., 2012), anti-Leishmania (Urdapilleta e
Sampaio, 2006), anti-inflamatéria (Pereira et al., 2010;), antifangica (Piovano et
al., 2002; Manojlovic et al., 2002), antibidtica (Bustinza e LOpez, 1948) e
antioxidante (Mitrovic et al., 2011; Rankovic et al., 2011; Kosanic et al., 2012).
Estudos sobre a quimica, estrutura e atividade biologica sobre as comunidades
liquénicas brasileiras sdo escassos, além de terem sido realizados a quase vinte
anos, para o caso de Ramalina usnea (Kashiwadani e Kalb, 1993), quando as
técnicas de isolamento e identificagcdo ainda ndo eram tdo evoluidas como
atualmente. Desta forma, o presente trabalho teve como objetivos: 1. Realizar o
estudo quimico do fungo liquenizado Ramalina usnea; 2. Avaliar a atividade
antimicrobiana do extrato bruto, de fracbes e dos compostos identificados contra
trés linhagens ATCC de Staphylococcus aureus e trés linhagens do fungo
Candida; 3. Avaliar a atividade do extrato, fracdes e substancias identificadas
contra larvas de 3° estadio do mosquito Aedes aegypti.

A tese sera apresentada na forma de artigos para publicacdo. O primeiro
trabalho apresentado corresponde ao artigo de revisdo cujo titulo é: “Chemistry
and Biological Activity of Ramalina Lichenized Fungi”, que foi o objeto do estudo
defendido como qualificagdo, em que foram apresentados estudos sobre a
quimica e as atividades biologicas desenvolvidas com o género Ramalina nos
altimos cem anos. Este artigo foi publicado no periddico Suico Molecules
produzido pela Molecular Diversity Preservation International (MDPI) enviado em
10 de marco de 2015 e aceito em 04 de maio de 2015.

O segundo trabalho corresponde ao artigo cientifico intitulado “Larvicidal
activity of Ramalina usnea lichen against Aedes aegypti” e foi escrito de acordo
com a instrucdes para elaboracdo de manuscrito do periddico Parasitology
Research produzido pela organizacdo mundialmente reconhecida Springer SBM,
com sede em Berlim.

O terceiro trabalho intitulado “Potencial Antimicrobiano de Ramalina usnea”
foi escrito segundo as instrugdes para autores da Revista Virtual de Quimica, uma
publicacdo eletronica (ISSN 1984-6835) bimestral, sem fins lucrativos, com

difusdo gratuita na Internet.


http://www.mdpi.org/

2. REVISAO DA LITERATURA

2.1 O género Ramalina no Brasil

O primeiro relato de espécies brasileiras de Ramalina foi feito por
Eschweiler, em Martius 1833, que descreveu Parmelia denticulata Eschw. [=
Ramalina denticulata (Eschw.) Nyl.]. Meyen e Flot. (1843) descreveram R. costata
Meyen & Flot. e R. costata var. compressa Meyen & Flotow, com base em
espécimes coletadas no Rio de Janeiro. Nylander (1870) relatou 11 espécies do
Brasil: R. complanata (Sw.) Ach., R. dasypoga Tuck., R. denticulata (Eschw.) Nyl.,
R. gracilis (Pers.) Nyl., R. hypodectodes Nyl., R. lanceolata Nyl., R. pumila Mont.,
R. rectangularis Nyl.,, R. subpollinaria Nyl., R. usneoides (Ach.) Mont., e R.
yemensis (Ach.) Nyl. Vainio (1890) descreveu R. complanata f. reagens Vain., R.
denticulata var. subolivacea Vain., R. flagellifera Vain. e acrescentou R. anceps
Nyl., R. denticulata var. canalicularis Nyl.,, R. geniculata (Hook. f. & Taylor), R.
inflata (Hook. f. & Taylor), R. peranceps Nyl., e R. rigida Ach. a flora de liqguens do
Brasil. Vainio (1891-1892) também distribuiu 16 tAxons de Ramalina brasileira em
sua obra Lichenes Brasilienses Exsiccati. Zahlbruckner (1902) descreveu trés
taxons, R. denticulata var. stephanophora (Zahlbr. Kashiw. & Kalb), R. cochlearis
Zahlbr. e R. yemensis var. minima Zahlbr. e, adicionou, R. farinacea (L.) Ach., R.
farinacea var. multifida Ach., e R. yemensis var. ecklonii (Spreng.) Vain. para a
flora do Brasil. Malme (1934) descreveu R. ecklonii f. lobuligera Malme e
acrescentou R. bicolor Mull. Arg., R. dendriscoides Nyl.,, R. ecklonii var.
sublinearis (Nyl.) Malme, R. laevigata Fr., R. linearis (Sw.) Ach., R. peruviana

Ach., R. prolifera Taylor e R. usnea (L.) R. Howe (Kashiwadani e Kalb, 1993).



Kashiwadani em 1987 descreveu Ramalina grumosa Kashiw. do Brasil.
Portanto, 30 espécies, 8 variedades, e 2 formas de Ramalina (s. str.) sao
conhecidas do Brasil. No entanto, a maioria dos taxons mencionados do Brasil
tém sido pouco revistos por principios taxondmicos modernos. No estudo,
realizado por Kashiwadani e Kalb (1993), atencéo especial foi dada a morfologia
interna do talo e apotécio e também a composicdo quimica. Esta pesquisa
também apresentou a composicdo quimica das espécies do género Ramalina
identificadas no Brasil. Entre os compostos, encontram-se depsideos derivados
do orcinol (acido orsenilico), depsidonas derivadas do g-orcinol (acido B-metil-
orsenilico) como os acidos sequicaico (1), divaricético (2), homossequicaico (3),
criptoclorofeico (4), boninico (5) e atranorina (6) (depsideos), acidos salazinico

(7) e norstitico (8), (depsidonas) e acido usnico (9) (Figura 1).
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Figura 1: Estruturas quimicas dos compostos encontrados no género Ramalina



2.1.1 O fungo liquenizado Ramalina usnea

O liguen Ramalina usnea foi descrito pela primeira vez, como Lichen
usnea L., por Linnaeus (1767) e esta amplamente distribuido nas partes mais
quentes do mundo. Nas indias Ocidentais, este tipo de liqguen tem sido usado
como material de cama de aves e do homem (Imshaug, 1972).

R. usnea é uma espécie de fungo liquenizado amplamente distribuida,
podendo ser encontrada em todo Hemisfério Ocidental - india, Coréia na América
do Sul - Argentina, Brasil, Paraguai e Uruguai, llhas Galapagos, América do Norte
- Texas e Florida (Rundel, 1978). Possui habito fruticoso e € caracterizada por
possuir talos compostos por ramos que crescem preso por um ou poucos pontos.
Os ramos (Figura 2) sao pendulosos, com aproximadamente 30 cm de
comprimento, possuem ramificacdes solidas irregulares, achatadas e cilindricas
(Rundel, 1978; Kashiwadani e Kalb, 1993).

S 3

il 1 (KS

Figura 2: Ramos pendulosos do fungo liquenizado Ramalina usnea sobre vegetacéo de

restinga em lquipari, municipio de Sao Joao da Barra, RJ (Foto: Moreira, A. S. N.; 2012)

Os constituintes quimicos pertencentes as classes de compostos
depsideos e depsidonas desempenham um papel importante na taxonomia de
liguen e Asahina (1938) relata a presenca dos acidos ramalindlico e sequicaico
em Ramalina usnea; estas também s&o as Unicas substancias relatadas por
Follmann e Huneck (1969) e Culberson (1969,1970) nesta espécie (apud
Imshaug, 1972).



O estudo de Imshaug (1972), “Tipificacdo de Ramalina usnea (L.) R.
Howe” mostra que o herbario “Linnean” contém trés espécimes de Ramalina
usnea catalogadas em 1945. Linnean herb. 1273-278 - Da Martinica onde cresceu
em arvores. Componentes: acido Usnico e acido divaricatico (verificado por
cristais em GAW).

Linnean herb. 1273-279 - Localidade ndo mencionada, aparentemente
determinada por Dickson. Constituintes: acidos usnico e salazinico.

Linnean herb. 1273-280 - Do Brasil. Componentes: acido divaricatico
(verificado por cristais em GAW).

Os componentes foram determinados por cromatografia em camada fina
completada por testes de microcristal. Os cromatogramas foram executados em
Folhas Eastman Chromagram (n. 6060) em um sistema de solvente contendo
benzeno (90): dioxano (25): acido acético glacial (4).

Nos estudos de Kashiwadani e Kalb (1993), “O Género Ramalina no
Brasil”, os autores mencionam que a espécie Ramalina usnea apresenta duas
racas, raca 1 e raca 2 que sdo constituidas pelos depsideos: acidos divaricatico,
homossequicéico e sequicdico e pelo &cido Usnico. A diferenca na composicao
quimica das duas racas é que a raca 2 possui o acido divaricatico enquanto a

raca 1 ndo o possui.
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Abstract: Lichens are a form of symbiont between a fungus and an alga or
cyanobacterium, which contains a wide variety of organic compounds with certain
secondary metabolite classes typical of these organisms. The Ramalina genus
has approximately 246 species distributed around the World, of which in this
review approximately 118 species with published chemical or biological activity
studies of extracts or isolated compounds were cited. From the 153 mentioned
compounds, only 27 passed were tested for biological activity, being usnic acid the
most studied compound and the one showing the best results in almost all in vitro
tests performed, although other compounds also presented excellent results as
antimicrobial, antitumor and anti-inflammatory agents, among others. Extracts of
several species also presented significant results in performed biological tests,
demonstrating the potential that these organisms have, in particular, the gender
Ramalina, to produce bioactive molecules that can be used as a model for the
production of pharmaceuticals.

Keywords: lichen; Ramalina; biological activitiy; usnic acid; antitumoral

1. Introduction

Lichenized fungi (syn. Lichens) constitute a form of symbiotic mutualism
between a fungus (micobiont) and an alga or cyanobacteria (photobiont) that
contains a large number of organic compounds, some of them specific to these
organisms [1], and constitute a stable and independent systematic unit belonging
to the Kingdom Fungi (phylum Ascomycota-Basidiomycota) [2]. Until 1998, it was
estimated that there was 13,500 species (about 600 genera), which corresponds
to 20% of fungi known [3]. In 2005 this estimate rose to 18,500 different species
around the World. This demonstrates, in addition to the diversity, the great interest

that researchers have been increasing in the study of these special organisms [2].
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Lichenized fungi are well known for the diversity of secondary metabolites
that they produce [1,4]. This diversity of compounds has made the study of their
chemistry attractive since the beginning of organic chemistry, from 1830 to the
present day [1]. Many of the metabolites are typical of this class of organisms
[1,5,6]. More than 800 compounds have been reported, and among the different
classes of compounds are ones containing nitrogen, phosphorus and sulfur,
polyols, carbohydrates, aliphatic and cycloaliphatic compounds, aromatic
compounds, meta- and para-depsides, depsidones, dibenzofurans,
diphenylethers, naphtopyrans, biphenyls, diphenylmethanes, nostoclides,
xanthones, quinones, naphthoquinones and usnic acid. Esters, terpenes, steroids,
terphenylquinones and derivatives of pulvinic acid also occur [1,6]. Currently 246
species at the genus Ramalina are described, which are widely distributed
worldwide [5,7]. In this review paper about 110 species were cited, for which the
chemistry or biological activity of its crude extracts or any of its isolated
compounds was studied. The goal of this review paper is to verify which are the
main biological activities and which metabolites have been isolated from lichens of

the genus Ramalina.

2. Chemical Constituents

In the researched species of the genus Ramalina, a diversity of chemical
compounds was found, including both primary and secondary metabolites. Among
primary metabolites, carbohydrates were the most abundant ones; amino acids,
glycolipids, glycosphingolipids and polyols were also detected. Among secondary
metabolites, usnic acid deserves attention because of its frequent mention.
Derivatives of this acid (usimines) [8—11], (+)-iso-usnic acid [12] and usninic acid
[13] were also found. Depsides, depsidones, fatty acids, sterols and monocyclic
aromatic compounds were found among the most frequent ones, besides other
classes of compounds at very low frequency. Each compound and its respective
origin (lichenized species) are listed in Tables S1-S10 (Supplementary Material),

and their structures are represented in Figures 1-10.

2.1. Carbohydrates
The main polysaccharides of Ramalina are linear glucans and

heteropolysaccharides. The first group consists of compounds with a and B
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configurations that possess in their structures (1—3)- and (1—4)- (1) bonds in
different proportions. The a-configuration corresponds to the the isolichenan class
and [ to the lichenan one. The second group is heteropolysaccharidic branched-
chain-containing galactose and mannose (galactomannan), where the most
abundant feature bonds (1—6)- containing a-D-Manp (2) as the main chain and a-
or B-D-Galp, B-D-Galf and a-bD-Manp as side chains [14-21].

Takahashi et al. (1979) [22] extracted water-soluble and insoluble
homoglucans from R. crassa Delise ex Nyl. (currently R. siliquosa (Huds.) A.L.
Sm.). Separately, from the mycobiont, the hydrolysis of homoglucan produced
glucose (3) similar to the symbiotic association, although galactose (4) was
produced from the alga (phycobiont) itself by hydrolysis of its galactomanan [22].
Polysaccharides of R. sinensis were hydrolyzed with sulfuric acid and
monosaccharides were derivatized with 1-phenyl-3-methyl-5-pyrazolone (PMP)
producing the monosaccharides glucose, mannose (5), rhamnose (6) and
galactose in a molar ratio of 5.05:3.89:0.14:0.09 [23].

Kosugi et al. [24] isolated D-arabitol (7) from the green alga Trebouxia sp.,
photobiont from R. yasudae lichen. The aqueous extract of the lichen stem
produced several sugars, among them D-arabitol, which was identified by nuclear
magnetic resonance (NMR), mass spectrometry (MS) and gas chromatography
(GC) [24]. From the extract of the R. fraxinea stem in acetone, D-arabitol and
mannitol (8) were isolated, and from the aqueous extract glucose, galactose,
glucosamine (9), arabinose (10), xylose (11), rhamnose and glucuronic acid (12)
were obtained [25]. D-Arabitol was also isolated from the species R. reticulata [26],
R. calicaris and R. sinensis [27], R. siliquosa [28], R. tayloriana [29], R. geniculata
and R. scopulorum [30].

Six species of Ramalina, and separately, phycobionts and mycobionts of
some of them, were studied [14,16-21,31,32], where it was concluded that all the
studied species presented components structurally similar to the ones from the
isolichenan, laminaran, nigeran and galactomannan classes [18]. These include the
species, R. usnea (L.) R. Howe (currently, R. australiensis Nyl.) [21,32,33], R.
ecklonii (Spreng.) Meyen & Flot. (currently R. celastri) [14,16,17,33,34], R.
dendriscoides Nyl. [18], R. fraxinea (L.) Ach. [18], R. gracilis (Pers.) Quél.
[18,20,31] and R. peruviana Ach. [18,19]. From the R. complanata mycobiont were

extracted the mentioned polysaccharides, in addition to a type of B-glucan, a
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lentinan (13) and a heteropolysaccharide whose composition is Man:Gal:Glc in the
ratio of 21:28:51 [35].

From the alga Trebouxia puymaly, a photobiont of R. gracilis, a
polysaccharide containing bonds (1—5)-B-galactofuranosyl as the main chain was
extracted, with replacement at O-6 by B-galf units. Amylose (14) has also been
found in small quantities in this photobiont and also in the symbiont of
R. celastri (Spreng.) Krog & Swinscow, probably originating from its photobiont
[16,17,20]. These polysaccharides were not found in symbiotic stems of the
species R. gracilis [20]. However, several complex side chain structures,
composed primarily of bD-Manp units were found with replacements at the positions
0-4, 0-2,4, 0-2,3 and 0O-3,6 [20,31]. In the Trebouxia phycobiont stems of the
species R. maciformis starch was found distributed in the chromatophores [36].

The lichen species of Antarctic R. terebrata, whose photobiont is a
Trebouxia species, produced hemicelluloses and cellulose/lignin. Neutral and
acidic monosaccharides components were derivatized with tetramethylsilane
(TMS), producing glucose as most abundant neutral monosaccharide, but also the
derivatives revealed the presence of galacturonic acid (15) as the most abundant
among fatty acids [37].

Komiya and Shibata (1971) [38] studied the metabolism of polyols of R.
crassa and R. subbreviuscula from phyco and mycobionts grown, and observed
that ribitol (16) was produced by phycobiont and was converted to arabitol and
mannitol in the mycobiont [38]. The principal Ramalina polysaccharides are

compiled in Figure 1 and Table S1 (supplementary material).



14

OH OH OH OH OH
~ o] o] o] o o)
o HOG HOQ HOQ o) o
HO HO— ~
OH OH OH OH OH
OH OH OH OH OH OH

R =
O. OH OH C
HO OH OH
OH OH
CHO
OH OH

OH OH
HsC B © W OH
54 OH HO™ ™ OH HO
. OH OH OH OH
7 8
NH, OH OH OH OH OH
: COH
CHO /\/\/CHO 2
OHCWOH HO ™ HO OH
OH OH OH OH OH OH OH OH
9 10 1 12

HO HO
OH OH
OH OH
HO ] o HO ] o
OH

OH [e] [e] OH
AN o o o o o
(})40 HOO HOo HOo HOo o__
OH OH OH OH OH

7 / 13 —n
0 OH OH OH
HO 0"/ on ot~ - COH HO OH
HO OH OH OH OH
HO 2 o 15 16
e HO HO

14

Figure 1. Chemical structures of polysaccharides of Ramalina species of lichenized fungi.

2.2. Usnic Acid and Derivatives

One of the most known, isolated and discussed compounds of lichenized
fungi is usnic acid (17). It was isolated for the first time in the year 1834, by
Rochleder et al., from among others, the species R. calicaris (L.) Rohl. [3].
However, all species of the genus Ramalina contain ushic acid in variable
concentration [5,39]. Studies of the isolation and biological activity tests of the
compound have presented, almost always, unexpected results, generating numerous
publications [5,7,10,12,13,16,21,25-29,34,40-86].
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Lee et al. [8] isolated from R. terebrata Hook. f. & Taylor, a species from
the Antarctic, usnic acid derivatives known as usimine A (18), B (19) and C (20),
[8,10,11], and the last one presented good anti-proliferation activity results on
human dermal fibroblasts [8,11]. Gonzalez et al. (1991) [12] isolated (+)-iso-ushic
acid (21) from the lichen R. hierrensis [12], and Asahina and Fukuziro (1932) [13]
isolated usninic acid (22) from R. calicaris, shown in Figure 2 and Table S2

(Supplementary Material).

Figure 2. Chemical structures of usnic acid and derivatives from Ramalina species of
lichenized fungi.

2.3. Depsides

Among the isolated depsides, sekikaic acid (23) was found in 26 species
of Ramalina [1,25,27,40,43,46,50,51,54,55,57,59-63,65,87-96], atranorin (24) in
19 species [1,12,28,55,57,59,60,64,66,67,72,83,87,92,95,97], divaricatic acid (25)
was found in 11 species [12,43,49,57,59,60,98] like homosekikaic acid (26)
[60,87,89,90,92,96]. Ramalinolic acid (27) was found in ten species
[1,43,46,60,80,87,88,99], obtusatic  acid (28) appears in seven
species [1,13,25,44,50,68,77,80,88,100] and the depside chlorinated tumidulin
(29) was found in six species [64,73,101,102], like 4'-O-demethylsekikaic (30)
[1,60,87] and evernic acids (31) [1,13,44,50,54,65,68,81,88,100,103]. 4'-O-
Methylnorhomosekikaic acid (32) [60,89,104] was found in five species.’

Some compounds were found in a smaller number of species, usually
three, two or one. 4-O-methylnorsekikaic (33) [1,40,60], 2'-O-methylsekikaic (34)
[1,60,104,105] acids and chloroatranorin (35) [2,55,66] were found in three
species. Cryptochlorophaeic (36) [55,60], 4'-O-demethylnomosekikaic (37) [60],
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diffractaic (38) [46,66], 4-O-demethylbarbatic (39) [1,106,107], and ramalinaic
acids (40) [1,108] were found in two species.

In just one species, were found the tridepside gyrophoric (41) [46] and
trivaric acids (42) in R. americana Hale [46,109], perlatolic acid (43) in R.
stenospora Miull. Arg. [55], 4-O-demethylnorhomosekikaic acid (44) [60] in R.
peruviana [56], 4'-O-methylsekikaic (45) [60], 4'-O-methylpaludosic (46) [60,104],
4,4'-di-O-methylcryptochlorophaeic (47) [104] and boninic (48) [76] acids were
found in R. asahinae, stenosporic acid (49) in R. stenospora [1,55], 5-
hydroxysekikaic
acid (50), new hydroquinone depside, in R. farinacea [62] and 5-chlorosekikaic
acid (51) in R. glaucescens [78]. From R. leiodea [110] was isolated olivetoric acid
(52), and paludosic acid (53) in R. paludosa [72]. An orcinol-type meta-depside with
an oxidized side chain 4-O-methyloxo-cryptochlorophaeic acid (54) [111] was
isolated from R. subfraxinea [111], lecanoric acid (55) from R. lacera [46] and
aliphatic depside bourgeanic acid (56) found among other species in
R. bourgeana [102,112,113]. See Figure 3 below and Table S3 in the

Supplementary Material.
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Figure 3. Chemical structures of the depsides and derivatives of the Ramalina
species of lichenized fungi.

2.4. Depsidones

The most common compound of the depsidones class among species of
Ramalina was salazinic acid (57), identified in 27 species [1,28,39-41,46,51,54—
56,59-61,70,79,80,88,89,98,106,114,115], followed by norstictic acid (58) in 15
species [1,5,39,42,46,50,60,61,70,88,91,115,116]. Hypoprotocetraric acid (59)
was found in six species [1,5,28,39,115,117], scopuloric acid (or stictic) (60), in
five species [5,12,28,39,41,57,80,88], and the protocetraric acid (61), in four
species [1,5,28,39,42,46,50,70,88,106,115].

Some depsidones were found in just one species, such as connorstictic
acid (62) in R. anceps Nyl. [60], cryptostictic acid (63) found in R. cuspidata in the
varieties cuspidata and armorica [5], peristictic acid (64) in R. cuspidata var.
armorica [5], conhypoprotocetraric acid (65) in R. siliquosa var. x [5], variolaric
acid (66) and gangaleoidin (67) in R. hierrensis [12], physodic acid (68) in R.
leoidea [110] and the coquimboic acid (69) found in R. tumidula [118]. See Figure
4 below and Table S4 in the Supplementary Material.

2.5. Fatty Acids
Lichenized fungi contain many of the fatty acids commonly found in higher

plants [119] and in marine natural products [120]. Among these fatty acids, oleic
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(70), palmitic (71) and stearic (72) acids were found in R. lacera [46], R. yasudae
[119] and in the mycobiont of R. celastri [121]. a-Linolenic acid (73) was found in
R. yasudae [119] and R. lacera [46]; and linoleic (74) and myristic (75) [119] acids
were found in R. yasudae [45]. Arachidonic acid (76) [119] was not found in the
symbiont of R. yasudae, but it was present in small quantity in the photobiont
Trebouxia and traces of its mycobiont [119]. The long chain y-lactone acids D-
protolichesterinic (77) and nephrosterinic (78) were obtained from R. almquistii
Vain. [44,122] and protolichesterinic acid was also found in R. roesleri [92]. See
Figure 5 below and Table S5 in the Supplementary Material.
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Figure 4. Chemical structures of depsidones from Ramalina species of
lichenized fungi.
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Figure 5. Chemical structures of fatty acids from Ramalina species of
lichenized fungi.

2.6. Other Compounds

Among other classes of compounds found in lichens of the genus
Ramalina, the research of Czeczuga and Ferraro (1987) [123] presents isolated
carotenoids of lichens from the Argentinian species R. ecklonii (a) and R. usnea
(b) and the review of Dembistsky (1992) [124] features carotenoids of lichens from
New Zealand, among them the species R. celastri (c), the isolated compounds
were B-cryptoxanthin (a,b) (79), lutein epoxide (a,b,c) (80), violaxanthin (a,c) (81),
auroxanthin (a,b) (82), astaxanthin (b,c) (83), mutatoxanthin (b) (84), lycoxanthin
(a) (85), antheroxanthin (a,b) (86), e-carotene (b) (87), zeaxanthin (a,c) (88), B-
carotene (c) (89), a-doradexanthin (c) (90), lutein (b,c) (91), hydroxyechinenone
(@) (92), diatoxanthin (a) (93), neoxanthin (a,b) (94) and rhodoxanthin (a,b) (95)
[123,124]. Several of these carotenoids are also found in higher plants, in algae,
yeast and other marine organisms [120]. See Figure 6 below and

Table S6 (Supplementary Material).
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Figure 6. Chemical structures of other compounds: carotenoids of Ramalina
species of lichenized fungi.
Some steroids isolated from lichens are also found in several marine
organisms, including sponges, algae, among others, possessing important

biological activities as antitumor agents and against Mycobacterium tuberculosis,
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such as ergosterol peroxide. [(-Sitosterol, a substance widely found in higher
plants, has antibacterial and antifungal properties and is an
antihypercholesterolaemic, estrogenic and hypolipididemic agent [120].
B-Sitosterol (96) was found in R. africana [44] and R. hierrensis [12],
brassicasterol (97) in R. africana [44] and R. tingitana [69], and lichesterol (98) [44]
in R. africana [44]. Ergosterol peroxide (99) was isolated from R. hierrensis [12]
and R. tingitana [69] and cerevisterol (100) was isolated from R. hierrensis [12].
The triterpenes ursolic acid (101) and iso-arborinol acetate (102) were found in R.
hierrensis [12] and friedelin (103) in R. ecklonii [83], and the diterpenes (-)-
sandaracopimaric acid (104) in R. hierrensis [12] and ceruchinol (105) in R. tigrina
[125] and R. ceruchis var. tumidula [126]. Figure 7 is shown below and Table S7 in

the Supplementary Material.

Figure 7. Chemical structures of other compounds: steroids and terpenoids
from Ramalina species of lichenized fungi.

From R. lacera [46] were isolated the polar lipids diacylglyceryl-N,N,N-
trimethylhomoserine (106) (DGTS), diacylglyceryltrimetylalanine (DGTA) (107),
phosphatidylcholine  (PC) (108), phosphatidyl-ethanolamine (PE) (109),
phosphatidylinositol (P1) (110), phosphatidic acid (PA) (111) and the glycolipid
sulfoquinovosyl diacylglycerol (SQDG) (112). The glycolipids
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monogalactosyldiacylglycerol (MGDG) (113) and digalactosyldiacylglycerol (DGDG)
(114) were isolated both from R. lacera [46] and R. celastri [127]. From R. celastri
was obtained a glycosphingolipid, O-B-D-galactopyranosyl-(1—1‘)-ceramide (115)
[128], which primary lipids components are (4E)-sphingenine, sphinganine and
eicosasphinganine, esterified with palmitic, oleic and 2-hydroxypalmitic acids.
From the stems of R. fraxinea were obtained a fraction containing the amines
choline (116), betaine (117), histamine (118), acetylcholine (119) and p-
phenethylamine (120) [25]. In R. farinacea the polyamines spermidine (121) and
diamine putrescine (122) were detected [129,130] and in R. calicaris the

polyamine spermine (123) [130]. Figure 8 below and Table S8 (Supplementary

Material)
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Figure 8. Chemical structures of other compounds: lipids and amines from
Ramalina species of lichenized fungi.
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The amino acids found in lichenized fungi are similar to those found in
many marine organisms and higher plants [120]. From R. siliquosa [131] and R.
fraxinea [25], were isolated glutamic acid (124), aspartic acid (125), alanine (126),
serine (127) and proline (128). Alanine was also found in R. sinensis [132]. The
amino acids arginine (129), glycine (130), lysine (131), leucine (132), threonine
(133), and glucosamine (134) were found in R. siliquosa [131] and the y-
aminobutyric acid (135) was found in R. fraxinea [25]. Others amino acids were
also found in R. siliquosa [131] at very low concentrations. From R. crassa the
amino acid taurine (136) was isolated [133]. See Figure 9 below and Table S9 in
Supplementary Material.

From an Antarctic lichen species, R. terebrata, were isolated compound
ramalin (137), a new hydrazide with antioxidant activity [9-11,134—-136] and the
cyclic depsipeptide stereocalpin A (138) [137-139].

Different phenolic compounds have been isolated from the species of the
genus Ramalina. From R. farinacea was isolated 2,3-dihydroxy-4-methoxy-6-
pentylphenylmethyl ester (139) [62], from R. africana were isolated divaric acid
(140) and ethyl divaricatinate (141) [44], from R. roesleri 2-hydroxy-4-methoxy-6-
propylbenzoic acid (142) and 2,4-dihydroxy-3,6-dimethylmethyl ester benzoic acid
(143) [92] and from R. dilacerata was isolated isorhizonic acid (144) [140].
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Figure 9. Chemical structures of other compounds: amino acids from Ramalina species of
the fungi.

Organic acids and derivatives as well as fatty acids esters were found in
Ramalina species. a-Crotonic acid (145) was isolated from R. reticulata [26] and
abscisic acid (146) from R. farinacea [129], while from R. fastigiata [141] were
isolated the esters ethyl caprilate (147), ethyl palmitate (148) and ethyl stearate
(149). The compounds benzopyran divaricat acid (150) and anthraquinone (151)
were found in R. hierrensis [12].

Aliphatic compounds and cycloaliphatic have been also found in lichens,
especially alkanes with C;3 and C17—C4o carbon chains [1]. The research of
Zygaldo et al. [142] presented a composition of n-alkanes from 15 species of
lichens belonging to six different families, including the Ramalinaceae family,
among the species of this family R. celastri and R. ecklonii are found. The
analyses results by GC/MS from the lichens stems showed the presence of n-
alkanes with chain ranging from C13—C,0 and showed that 14 n-alkanes with chain
C20—Cs3 were common to all studied species. Branched alkanes have not been
found. The composition of the Ramalina n-alkanes was characterized by a high

level of Cy9 and C3; (>7%) in both species. Difference between the species were
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observed, because R. ecklonii presented a higher concentration of C,7; (11.3%)
and Cjz; (19.5%) against 5.6% of C,; and 13.2% of Cy for R. celastri [142]. The
compound cycloaliphatic aspicilin (152) was isolated from R. ecklonii [73] and

ethylene (153) extract in ethyl ether was found in R. lacera [1]. See Figure 10
below and Table S10 in the Supplementary Material.
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Figure 10. Chemical structures of other compounds from Ramalina species of lichenized
fungi.

3. Biological Activity

Lichens have been used as a promising biological source of metabolites
with different bioactivities [1,2,53]. Huneck and Yoshimura [1] mention in their
classic work the monograph of Zopf in 1907 about the pharmacological activities of
lichens compounds. The authors also highlighted the following biological activities
that have already been researched up to the present time: antibiotic activities,
antitumor and antimutagenic activities, activities against human immunodeficiency
virus (HIV), allergenic activities, growth inhibitory activities in plants, and enzyme

inhibitory activities, among other activities [1]. However, only a very limited number
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of lichen compounds were tested for their biological activities and their therapeutic
potential in medicine. This happens because of the difficulties in identifying the
species, in the small amounts collected for such studies and difficult isolation of
pure compounds for structural elucidation and biological activity testing [2].

The cause of the antibiotic activity of many lichens has been assigned to
usnic acid [52], although there are authors that mention that the antibiotic activity of
lichens is related to the presence of phenolic derivatives [3]. The mechanisms of
antibiotic action of lichenic acids, more specifically usnic acid and its derivatives,
suggest that these compounds modify the structures of proteins causing
irreversible changes, and may even produce apoptosis [3]. This compound
presents activity against bacteria, fungi and yeasts [1-3,42,52,53,88,114,143].
Beside the antimicrobial activity against human and plant pathogens, usnic acid
(17) presents antiprotozoal action [53], analgesic and antipyretic [1,53], anti-
inflammatory [53], antitumor and antimutagenic [2,3,53], antiviral [1-3,53] plant
growth inhibiting [1] , enzyme activity inhibitory [1,2] and allergenic properties [1].

Another class of compounds, the polysaccharides, which can be from
multiple sources (plants, fungi and lichens) have different biological activities,
acting as antitumor and anti-inflamatory agents and immunomodulators [31].
Several studies have shown that many polysaccharides can act as biological
response modifiers (BRM). This can happen by activation of the immune response
involving macrophages, T helpers and natural killer cells (NK cells), T cell
differentiation, proliferative response of polymorphnuclear cells, production of
interleukins and interferon, as well as increasing the phagocytotic activity [34].
Some biological activities of extracts and compounds isolated from the genus

Ramalina will be presented next.

3.1. Antimicrobial Activity

The development of new antibacterial compounds is an urgent issue to
suppress the evolution of pathogenic bacteria rssistant to the available drugs
[123]. Therefore, many studies have been developed in an attempt to discover
new substances with this activity.

The usnic acid isolated from R. reticulata Kremp. (currently R. menziesii
Taylor) presented activity against Gram (+) organisms and some acid resistant

bacteria, including Mycobacterium tuberculosis (Zopf 1883) Lehmann and
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Neumann 1896, but not against a range of different Gram (-) organisms [114] in
agreement with other performed studies [93].

Tay et al. [42] tested the antimicrobial activity of the acetone extract
obtained from R. farinacea (L.) Ach. and its constituents usnic acid (17), norstictic
acid (58) and protocetraric acid (61) against thirteen bacteria, two yeast and ten
filamentous fungi. The extract demonstrated activity against six bacteria with
concentrations ranging between 3.3—-6.6 pg/25 pL and 3.3 pg/25 pL for the two
yeasts tested Candida albicans and Candida glabrata and no activity against
filamentous fungi. Regarding the compounds tested, the usnic acid showed the
best results, and for the six bacteria on which it had an effect, the minimum
inhibitory concentration (MIC) varied between 0.39-3.1 ug/25 uL; the less active
was the norstictic acid, with a MIC ranging between 11.7-188 ug/75 pL.
Protocetraric acid did not present action against fungi and bacteria. With the
yeasts, usnic acid also presented the best results, with a MIC value of 0.05
ng/62.5 uL, while for norstictic acid the MIC value was 2.9 pg/75 pL and for
protocetraric acid the value was 3.9 ug/75 uL. The study demonstrated that among
the three compounds tested only usnic acid showed any significant activity at low
concentration against the Gram (+) and fungi tested.

The antioxidant and antimicrobial properties of methanolic extracts from
five lichenized fungi species were tested by Gulluce et al. [144], and the results
showed that the extracts of R. polymorpha and R. pollinaria inhibited 10 and 11
bacterial species, respectively, from a total of 35 tested species. Assays were
performed using the disk diffusion method and micro-dilution assay to obtain the
values of MIC values (ug/mL). The R. pollinaria extract presented MICs between
5.62—62.5 pg-uL™. For both fungi tested, the MIC values of R. polinaria were
31.25-62.5 pg-uL~* for Trichophyton rubrum and Sclerotonia minor, respectively,
while the MIC value of R. polymorpha was 62.5 pg-uL™ for both fungi. Data from
this study indicated that there must be antimicrobial compounds in the tested
extracts, which include the Ramalina genus [144].

Cansaran et al. [52] investigated the biological activities of five Ramalina
species obtained in Turkey: R. fastigiata (Pers.) Ach., R. capitata (Ach.) Nyl., R.
polymorpha (Lilj.) Ach., R. pollinaria (Westr.) Ach. and R. fraxinea. They used the
agar disk diffusion method with a tetracycline as control. The study presented that

the extracts of lichens showed antimicrobial activity at different rates and that the
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greater the concentration of usnic acid in the extract, the greater the inhibition of
microorganisms. However, all the extracts inhibited Bacillus subtilis, with R.
fastigiata, which presented a higher concentration of usnic acid among the
extracts (about 3.3% by dry weight) showing greater inhibition. Only the R.
fraxinea extract, with a usnic acid concentration of 0.17% did not inhibit Bacillus
megaterium. Enterococcus faecalis and Proteus mirabilis were only inhibited by
the extracts of R. fastigiata, with 3.3% of usnic acid and R. capitata, with 1.25% of
usnic acid. Both of this extracts also inhibited Escherichia coli and beside them,
Ramalina polymorpha extract, with 0.27% of usnic acid inhibited this bacteria with
a lower inhibition rate. The extracts were especially active against Gram (+)
bacteria, although none of them inhibited S. aureus. Among tested Gram (-)
bacteria, neither of the extracts inhibited Pseudomonas aeruginosa and
Escherichia coli, the bacteria Proteus mirabilis and Escherichia coli were inhibited
by three and two of the extracts, respectively, with higher concentrations of usnic
acid [52].

Crude extracts of the species Ramalina hossei Vain. produced in
methanol, chloroform and petroleum ether solvents, were tested for their
antimicrobial activity by the Kirby Bauer method. The results demonstrated that the
extracts showed better activity against Gram (+) than against Gram (-) bacteria.
Chemical tests of the extracts revealed the presence of usnic acid (17) and
sekikaic acid (23) as a mixture. The extracts were more active against Gram (+)
species, confirming the results of other studies, and the methanol extract showed
greater inhibition of bacteria than other extracts [93].

In the study conducted by Babita et al. in 2008 [145], the antibacterial
potential of methanolic extracts from five Antarctic lichens species belonging to
four different genres were tested, among them the species R. terebrata, and it was
shown that considerable antimicrobial activity were obtained against Bacillus
subtilis (MIC 33.8 + 0.15 ug-mL™* and ICs 16.9 = 0.1 ug'mL™) and S. aureus (MIC
85.7 + 6.7 ygrmL™ and ICsp 42.9 + 3.4 ug'mL™), but no activity were observed
against Candida albicans, Pseudomonas aeruginosa and Escherichia coli; in this
case the authors used the methodology of the sterile paper disk described by
Bhattarai et al. in 2006 [146]. The MIC was determined by the broth dilution
method described by Swenson et al. in 1982 [147]. The results showed strong

antibacterial activity of the extracts against Gram (+) bacteria, indicating that these
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species of Antarctic lichens produce compounds with significant antibiotic
properties [145].

The research of Paudel et al., conducted in 2010 [134] reported that five
compounds isolated from the methanolic extract of the Antarctic lichen R.
terebrata, namely usnic acid (17) and the derivatives, usimine A (18), B (19), C
(20) and ramalin (137), were tested against the bacteria Staphylococcus aureus
and Bacillus subtilis by the disc diffusion method. All tested samples presented
activity against B. subtilis, where the values of MIC of the isolated compounds
ranged from 1-26 pg-mL™* for these bacteria. Only the crude methanolic extract
and usnic acid showed activity against S. aureus [134].

In 2012, Paudel et al. [148] studied the antibacterial activity of twenty-four
lichens species of six lichen families from Nepal, among them Ramalina spp.
Twenty one species were active against B. subtilis and seven were active against
S. aureus. The results showed that Ramalina spp. presented MIC values of 8.5
and 15.1 pyg-mL™* for B. subtilis and 65.3 ug-mL™ for S. aureus, while the MICs of
the commercial product ampicilin, used as control, were 0.4 and 0.35 ug-mL™ for
the respective tested bacteria. These results confirm those of other studies
involving lichen species of the same genus [142]. The data showed a strong
potential of these extracts as antibacterial agents. The results obtained by Sisodia
et al. with hexane extract of R. roesleri confirmed the high activity against S.

aureus, and also against Streptococcus mutans [75].

3.2. Antioxidant Activity

Several species of lichens from different genres and regions of the World
have antioxidant potential [96]. Gulluce et al., in 2006 [144], showed that the
methanol extracts of R. pollinaria and R. polymorpha species did not show
antioxidant properties by the diphenylpicrylhnydrazyl method (DPPH), however, a
low inhibition was exerted on the oxidation of linoleic acid in the linoleic
acid/B-carotene oxidation method obtaining a percentage inhibition (1%) of 26 + 1,
19 + 2 and 96 + 1 for R. pollinaria, R. polymorpha, and for the control compound
butylated hydroxytoluene (BHT), respectively, so it was concluded that the extracts
of these species showed little antioxidant potential [144].

Kumar et al. [94] studied the methanol extracts of two lichens of the

Ramalinaceae family, R. conduplicans and R. hossei, and evaluated their
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antioxidant activity by the DPPH method and by the reduction of Fe®*" assay. At the
concentration of 250 pg/mL an elimination of 56.11% and 48.04% occurred for R.
hossei and R. conduplicans, respectively, and at 500 pg/mL the elimination was
61.53% and 59.01% and with 1000 pg/mL it was 79.05% and 72.63%, below the
control values of ascorbic acid, which were 92.52%, 95.12% and 97.33% at the
same concentrations. R. hossei showed a higher free radical elimination rate than
R. conduplicans. The substances usnic acid (17), sekikaic acid (23), salazinic (57)
acid and tannins were detected in the lichen methanol extracts, which showed
promising antioxidant potential results [94].

The research of Luo et al. [96] presented data on the antioxidant activity of
the lichen Ramalina conduplicans. The free radical elimination activity of the lichen
methanol extract was tested by the Blois method (1958, [149]), using DPPH and
the result was presented as ICso. An assay of the linoleic acid peroxidation activity
using the thiocyanate method proposed by Mitsuda et al., in 1996 [150], with some
modifications proposed by Luo et al. in 2009 [151] was also performed. The
percentage of inhibition was found to be 55.8% at the concentration of 330
ug'mL~%, presenting an ICso of 0.232 mg'mL™, relatively low compared to data
from other lichen species tested. The extract exhibited high antioxidant activity
against linoleic acid peroxidation, 85.2% at a concentration of 2.0 mg-mL™, which
was higher than the inhibition of ascorbic acid used as control at the same
concentration. The main compounds detected by bioauthographic thin layer
cromatography (TLC), high performance liquid chromatography (HPLC) and
ultraviolet (UV) spectroscopy were sekikaic acid (23) and homosekikaic acid (26)
depsides. The ICsg values of the pure compounds were 0.082 mg-mL™ for sekikaic
acid and 0.276 mgmL™ for homosekikaic acid, demonstrating that these
compounds are promising antioxidants [96].

Yim [10] has patented a pharmaceutical composition containing ramalin
(137) as an active ingredient for functional foods used as anti-aging products,
cosmetics for skin whitening and as an anti-wrinkle agent since ramalin present
better antioxidant effects than conventional commercially available antioxidants [10].

Ramalin (137) [9,10,134-136] was isolated from the water-methanol
extract of R. terebrata by several chromatographic methods by Paudel et al. in
2011 [9]. The experimental data showed that this substance was five times more
powerful (ICso 0.99 + 0.08 ug-mL™) that the commercial drug BHT (ICso 4.98 + 0.9
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ug'mL™) in the elimination of free radicals by DPPH method, and twenty-seven
times more powerful in eliminating free radicals by the 2,2-azino-bis(3-
ethylbenzothiazoline-6)-sulfonic acid (ABTS") method than the analogous
compounds vitamin E and Trolox, and two and a half times more potent than BHT
when used for reducing Fe®" ions to Fe?*. Ramalin also proved to be 1.2 times
more powerful than ascorbic acid in the elimination of superoxide radicals. The in
vitro tests of the antioxidant activity showed that 1.0 ug-mL™ significantly reduced
nitric oxide (NO) produced and 0.125 ug-mL™ reduced the production of hydrogen
peroxide (H2O,) in lipopolysaccharides (LPS) stimulated in murine macrophage
cells Raw 264.7. Considering the data set, it is verified that ramalin is a therapeutic
candidate for the control of the oxidative stress in cells, since the compound has
very low or no cytotoxicity on human keratinocytes and fibroblasts cells at its
active antioxidant concentrations [9].

Halici et al. [152] studied the antioxidant and gastroprotective activities of
ethanol-water extracts (1:1), ethanolic, methanolic and aqueous extracts from the
lichen Ramalina capitata. The results showed that the extracts significantly
reduced gastric injuries induced by indomethacin. The most significant gastric
protective effect was obtained with ethanol-water extract (1:1) (66.6%) at a dose of
200 mgkg™. Indomethacin caused significant decreases in the levels of
glutathione peroxidase (GPy), glutatione S-transferase (GTS), superoxide
dismutase (SOD) and reduced glutathione (GSH). However, ethanol-water extract
(1:1) showed significant antioxidant activity against oxidative damage in the
stomach tissues, increasing the levels of GPy, GST, SOD and GSH. The catalase
and myeloperoxidase levels increased by the indomethacin were lower in the
groups administered with ethanol-water (1:1) extract. Furthermore, it can be
observed that all tested extracts presented significant antioxidant activity in vitro,
with 64.9% for the ethanol-water extract, 52.2% for the ethanolic extract, 56.7% for
the methanolic extract and 73.7% for the aqueous extract in the assay of linoleic
acid peroxidation inhibition. However, the antioxidant activity of these extracts was
lower than that of the compound Trolox, used as control, but was higher than that
of ascorbic acid. These results indicate that R. capitata extract had
gastroprotective effects against gastric ulcer [152].

Four lichen genres (Ramalina, Parmotrema, Bulbothrix and Cladia)

collected in Malaysia were studied by Stanly et al. [153] and had their antioxidant
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activities compared by the DPPH method. The R. peruviana species presented
higher activity in the elimination of free radicals (86%) with its extract in acetone at
a concentration of 750 ug'mL™. R. peruviana also gave the lowest effective
concentration needed to eliminate 50% (ECsp) of free radicals with the extract in
acetone presenting and ECso of 60.66 ug-mL™ among all four lichens species
tested. For the assay using the (3-carotene bleaching method, the best activity was
obtained by the extract in acetone of Bulbothix isidiza (66.7%), followed by the
acetone extract of R. peruviana (57.3%), yet the level of phenolic compounds
found for the R. peruviana extract was the lowest among the species tested,
demonstrating that there is no correlation between the total phenolic content and
antioxidant activity [153].

The study developed in 2012 by Paudel et al. [148] presented data on the
antioxidant activity of methanol-water extracts (8:2) from 24 Nepal lichen species.
All species tested and the commercial product butylated hydroxyanisole (BHA)
used as control showed free radical scavenging capacity by the DPPH, ABTS" and
Fe®* reduction methods at a dose dependent concentration. For the DPPH
method, the inhibitory concentration 50% (ICso) ranged from 5.6-98.6 pg-mL™ for
the extracts, wherein the NL-17 and NL-18 samples from Ramalina sp. presented
ICs0 of 32.9 and 8.7 pg-mL’l, respectively, while the ICsy of the control BHA was
3.5 uyg'mL™. The results of tests with ABTS" confirmed the DPPH data, with the
ICso values ranging from 6.9-99.8 ug-mL™*, and for the samples NL-17 and NL-18
the ICsos were 52.0 and 33.2 yg-mL™ and for the compound Trolox a vitamin E
analog used as a control it was 46.4 ug-mL™, so the compounds showed strong
ability to eliminate free radicals, having great oxidant activity.

The antioxidant activity of extracts and isolated compounds from the lichen
R. roesleri were assessed by Sisodia et al. [92] by the DPPH method. The results
showed a range of free radical elimination power in the extracts between 29.42%—
87.9%. The compounds atranorin (24), protolichesterinic acid (77), usnic acid (17),
2-hydroxy-4-methoxy-6-propylbenzoic acid (142), homosekikaic acid (26), sekikaic
acid (23), 2,4-dihydroxy-6-propylbenzoic acid (142) and 2,4-dihydroxy-3,6-
dimethylbenzoate (143) were isolated from the hexane extract. Among the
compounds, the best antioxidant activity was exhibited by sekikaic acid, followed

by homosekikaic acid [92].
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3.3. Antiviral Activity

Few studies were found on the antiviral effects using extracts or pure
compounds isolated from lichens. The research of Fazio et al. [48] evaluated the
antiviral and cytotoxic activity effects against Vero cells infected with arenavirus
Junin (JUNV), causative agent of hemorrhagic fever on human beings in Argentina
and against arenavirus Tacaribe (TCRV), a non-pathogenic member of the
Arenaviridae family, of two secondary metabolites obtained from mycobiont
cultivation of two genera of lichens, Tlechoschistes chrysophthalmus and
Ramalina celastri. The antiviral and virucidal activity of usnic acid, a metabolite
isolated from R. celastri, the subject focus of this review, will be presented.
Parientin, a compound isolated from T. chrysophthalmus will not be discussed.
Antiviral activity testing was performed using concentrations lower than the 50%
cytotoxic concentration (CCsp), for usnic acid (65.1 uM). The results demonstrated
that usnic acid (17) reduced the production of Junin virus in infected Vero cells in a
dependent dose manner, and 50% inhibition was obtained at an effective
concentration (ECsp) of 9.9 uM. Regarding the TCRV arenavirus, the effective
concentration was 20.6 puM. The selectivity indexes (CCso/ECsp) of usnic acid for
JUNV and TCRV arenavirus were 6.8 and 3.2, respectively, indicating a specific
antiviral activity against these viruses and not just a general consequence of its
action on cellular toxicity. In order to test the viability of virus inactivation by the
direct effect on the viral particles, one virucidal assay was performed using the
methodology proposed by Garcia et al. in 2002 [154]. When suspensions of JUNV
or TCRV particles were incubated with usnic acid before cell infection, any
remaining difference in infectivity of virus suspensions was detected between
treated and untreated cells, so the virus-inhibitory effect observed in the inhibition
assay performance was due to a real antiviral activity, exercised during the
multiplication of the virus in the host cell [48].

Esimone et al. [155] obtained from R. farinacea lichen species a fraction
soluble in ethyl acetate (ET4) which inhibited infection by adenoviral and lentiviral
vectors such as HIV-1 type. Herpes virus type 1 (HSV-1) and respiratory syncytial
virus (RSV) inhibition were also evaluated with this fraction. The anti-HIV and anti-
HSV activities were quantified by the response of the (3-galactosidase expression
from the lineages of the indicator cells, while the anti-RSV activity was determined

by an immunofluorescence technique. The ET4 effect on enzymatic activity of HIV-
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1 reverse transcriptase was also evaluated by chemiluminescence. It was
demonstrated that the fraction strongly inhibited HSV-1 and RSV, with 1Csy values
of 6.09 and 3.65 pg-mL™, respectively. The fraction inhibited reverse transcriptase
with an ICsp of 0.022 pg'mL™’. Bioassay guided ET4 fractionation lead to a
subfraction rfO that showed activity against lentiviral vector and HIV-1 (RNA virus),
but not against HSV-1 (DNA virus) and the rfM subfraction showed activity against
HSV-1 but not against the lentivirus vector. Therefore, the study showed that the
R. farinacea ET4 fraction has antiviral activity against DNA viruses (adenovirus,
HSV-1) and against RNA viruses (HIV-1 and RSV) [155].

Recently, Lai et al. [62] studied the effect of R. farinacea lichen phenolic
compounds from Nigeria on respiratory syncytial virus. In a preliminary test, the
results showed that the lichen extract inhibited virus development. From the
thirteen phenolic compounds isolated and evaluated against the syncytial virus,
sekikaic acid (23) presented a higher inhibition to the virus RG lineage, with a 50%
inhibitory concentration (ICso) of 5.69 ug-mL™, and for the strain A2 lineage the
ICso was 7.73 pg-mL™ . The effect of sekikaic acid on HEp2 cells viability and Vero
cell lineages was also investigated and the time addition assay showed that
sekikaic acid interferes with viral replication in the virus post-entry stage 4 hours
after virus addition, and the compound was 1.3 times more active than ribavirin
used as negative control. The study concluded that although other compounds
also showed antiviral inhibitory activity, sekikaic acid proved to be a powerful
antiviral agent, with a selectivity index (Sl) of 5.16 [62].

3.4. Antitumor and Cytotoxic Activity

The action of lichen-derived compounds on tumor cells has been a focus
of reviews for a few decades. [156]. Chemoprevention is a pharmacological
approach used to prevent or reverse the carcinogenesis process. Natural products
are among the agents used in chemoprevention, since many of these primary and
secondary metabolite phytochemicals do not present toxicity to normal tissues and
are known to have anticancer effects [157].

Hirayama et al. [122] tested the antitumor activity of 44 fractions adsorbed
on cationic and anionic resins, extracted with hot water, nine lichens and 20
metabolites and their degradation products against ascites, an Ehrlich carcinoma

solid type. The results showed that an adsorbed fraction from R. almquistii, and
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the compounds D-protolichesterinic acid (77) and nephrosterinic acid (78) were
effective against Ehrlich carcinoma [122].

The cytotoxic activity of aqueous, ethanolic, chloroformic and n-hexane
extracts from the lichen R. farinacea was evaluated by Esimone and Adikwu [45]
using Artemia salina, a specie of saltwater crustacean. The crustacean eggs were
incubated in seawater (collected in the Atlantic Ocean beach bar, Lagos, Nigeria),
and allowed to incubate for 48 h at 28 °C. After incubation, 10 larvae (nauplii) of
Artemia salina were introduced into vials containing growing concentrations of
lichen extracts in the 10-1000 ug-mL™ range. After 24 hours, the number of
surviving shrimp in each concentration of the extract was counted and the data
were analyzed using the Finney program for determining the lethal concentration
50% (CLsp) with a 95% confidence interval. The ethanolic extract showed higher
cytotoxicity, with a CLsg of 6.0 pg-mL™* (IC 0.8-9.3), followed by the hexane extract
with CLso 11.3 ug'mL™ (IC 6.4-15.2), dichloromethane with a CLsg of 16.8 pg-mL™
(IC 11.9-26.3) and low cytotoxicity was observed in the aqueous extract, with a
ClLso of 206.9 pg-mL™ (IC 91.5-389.2). The results show that the lichen extracts
are promising sources of bioactive substances [45].

Stuelp-Campelo et al. [34] observed an effect of a-D-glucan from R.
celastri on peritoneal exudate cells using a sarcoma-180 cells (S-180) in vivo
assay. They found that the tumors developed in animals treated with glucan, at a
dose of 200 mg-kg™, decreased by 80% in the control group [34]. The research of
Ledo et al. [158] presented a antitumor activity of a-p-glucan polysaccharides with
(1—3)(1—4) bonds extracted from R. celastri and their sulfated derivatives that
had as objective observing morphological alterations in HelLa cells using
transmission electron microscopy (TEM). Although the a-D-glucan changed the cell
volume, cytoplasmic density and mitosis, the resulting monolayer was similar to
the results in the control. Microscopic analysis of cytoplasmic vesicles showed the
presence of an eletrodense-free amorphous material in the cytoplasm and inner
membranes. However the injury caused by secondary sulfate polysaccharide was
evident, causing changes in cell adhesion and causing cells aggregation. Nuclear
modifications such as fragmentation and chromatin condensation under the
envelope suggest the occurrence of apoptotic cell death [158].

Bézivin et al. [47] carried out work on the in vitro cytotoxic activity of 24

extracts from five lichens species in two murine cells lineages (L1210-lymphocytic



38

leukemia and 3LL-Lewis lung carcinoma) and four human cell lineages (K-562-
chronic myelogenous leukemia; U251-glioblastoma; DU145-prostate carcinoma and
MCF7-breast adenocarcinoma). Some extracts, among them the R. cuspidata
(Ach.) Nyl. one, show interesting activities, particularly in the cell lineages K-562,
U251, DU145 and MCF7 and with a good selectivity index. The (3-[3,4-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) (MTT) assay indicated
significant cytotoxicity to three cell lineages with the hexane, diethyl ether and
methanolic extracts of the lichen R. cuspidata, with ICso (ug'mL™) + standard
deviation (SD) and selectivity index (SI) values for the lineages L1210 of 5.8 + 1.9
ug-mL™ and 8.9; for 3LL 5.7 + 0.6 ug-mL™* and 9.0; for DU145 6.7 + 2.9 ug-mL™
and 7.7; for MCF-7 31.4 + 11.2 yg'mL™* and 1.6; for K562 28.1 +10.6 ug-mL™* and
1.8; and for U251 11.0 + 7.5 pg'mL™ and 4.7 for the hexane extract, being the
better results obtained from the three tested extracts. The results showed strong
R. cuspidate cytotoxic potential, indicating that it must contain promising
compounds against human cancer cells lines [47].

Haraldsdéttir et al. [159] tested the anti-proliferative effect against twelve
human cancer cells lineages, of three lichen-derived substances—
protolichesterinic (77), lobaric and baeomycesic acids—besides a commercial
compound used as a specific inhibitor 5-lipoxygenase (LOX), zileuton. All tested
compounds presented 5-lipoxygenase inhibitory activity and the compounds
protolichesterinic and lobaric acid also inhibited 12-lipoxygenase. Compound 77
presented great inhibitory effects against all the cell lineages, with EC5, values
ranging between 2.4-18.1 pg'mL™, showing the best result for the pancreatic
cancer cell lineages Capan-1 and PANC-1 with ECso 2.4 and 3.1 pgmL7",
respectively, and prostate adenocarcinoma PC-53, with ECso 2.6 ug-mL™. In all
tested lineages, protolichesterinic acid was more active than the control zileuton,
showing the potential that this compound has against these human cancer cell
lineages [159].

The study of Koparal et al. [160] evaluated the in vitro cytotoxic activity of
(+)-usnic acid and (-)-usnic acid in human lymphocyte cells A549 from lung
epithelial carcinoma and V-79 Chinese hamster lung fibroblast cells lineages. The
tests were performed using the MTT methodology and the cytokinesis blocked
micronucleus (CBMN) assay. The results showed that both enantiomers are not

genotoxic, demonstrated by the lack of micronucleus induction and have
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significant cytotoxic and apoptotic effects in both cell lineages. Even at low doses,
(+)-usnic acid showed high cytotoxic activity against cells. The results of MTT and
the values of cell proliferation index (CPI), based on the results of the CBMN test
obtained good agreement [160].

Einarsdottir et al. [161] studied the mechanism of action of the usnic acid
enantiomers against the breast cancer cell lineages T-47D and pancreatic cancer
Capan-2 cells and also the proliferation, growth, and cell death effects. Both
enantiomers exhibited similar anti-proliferative effects against both cell lineages.
The ICso values were 4.2 ug'mL™ and 4.0 pg'mL™ for (+)- and (-)-usnic acid
against T-47D, and 5.3 yg'mL™ and 5.0 yg'mL™ against Capan-2, respectively.
The other tests were performed only with the (+)-usnic acid. Proliferation assays
showed that usnic acid at the concentration of 5.0 ug'-mL™* caused a reduction in
both cell lineages. The inhibitory effect on cell cycle was also confirmed by
cytometric flow analysis, where the cells exposed to usnic acid showed a reduction
in S-phase and few cells entering the G2/M phase, so the tests indicated that
usnic acid affects the growth of the cells and their proliferation [161].

BacCkorova et al. [162] studied the cytotoxic/proliferative effect of four
lichen secondary metabolites—parietin (151), atranorin (24), usnic acid (17) and
gyrophoric acid (41)—against nine human cancer cell lineages. The best results of
the MTT assay were obtained by usnic acid with HL-60 (promyelocytic leukemia),
A2780 (ovarian carcinoma) and Jurkat (T cell lymphoblastic leukemia) lineages,
presenting ICso values of 48.5, 75.9 and 76.3 pg-mL™, respectively, being the
most effective compound against all tested cells. Parientin showed cytotoxicity
against HL-60 cells, Jurkat, HCT-116 p53~ (colon carcinoma submanifold without
p53) and A2780, with ICso values of 93.5, 181.6, 197.5 and 197.9 pg-mL_l,
respectively, and gyrophoric acid showed effect against HL-60 and A2780, with
ICso values of 146.7 and 198.3 pug'mL™ . In a clonogenic assay usnic acid and
atranorin in concentrations of 100 and 200 puM were the most effective
compounds, significantly inhibiting the cloning capacity of all tested tumor cells.
Regarding viability assays and quantifying the number of floating cells, usnic acid
at a 50 puM concentration completely damaged A2780 cells and seriously affected
HL-60 cells. Atranorin and gyrophoric acid also showed high cytotoxicity at tested
concentrations of 100 and 200 uM. The research has also shown the preferential

effect on the cell distribution and accumulation in S-phase of usnic acid, atranorin
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and gyophoric acid through a cell cycle assay with four cell lines. Usnic acid and
atranorin were also the most effective compounds in the apoptosis induction in the
four cell lines, followed by gyrophoric acid, and parientin was effective only in the
HCT-116 p53™" lineage [162].

In the research carried out by Backorova et al. in 2012 [163] the cytotoxic
mechanism results from the same metabolites parientin, atranorin, usnic acid and
gyrophoric acid in the indiction of apoptosis in the human cancer cell lines A2780
and HT-29 were presented using five different methods from those used in 2011.
The test results of the metabolites’ effect on the mitochondrial membrane potential
(MMP) showed that usnic acid produced the greatest inhibition in both cell lines, at
both concentrations of 50 and 100 uM. Atranorin produced high inhibition in A2780
at both concentrations (100 and 200 uM), but only produced a significant inhibition
in the HT-29 lineage at a concentration of 200 uM. Gyrophoric acid gave good
inhibition of A2780 at a concentration of 200 uM and parietin did not cause any cell
lineage inhibition. In a phosphatidylserine externalization test, atranorin and usnhic
acid were effective at both concentrations tested, 50 and 100 pM, in HT-29 and
A2780 cells. Gyrophoric acid was effective against A2780 at 200 uM and parietin
caused no effect in both cells. In general, the A2780 cells were more sensitive
than HT-29 cells. Regarding the reactive oxygen species (ROS) and nitrogen
(RNS) assays, atranorin produced no increase of ROS in either cell line, but
produced a significant increase in the production of RNS in both cells. Gyrophoric
acid produced a ROS and RNS increase in both cells, but was more effective
against HT-29. Caspase-3 activation had usnic acid as the most powerful inducer
in HT-29 cell lineage, followed by atranorin and gyrophoric acid. Parietin did not
cause significant activation changes of these proteins. Based on the detection of
protein expression, it was shown that usnic acid and atranorin are programmed
cell death activators in A2780 and HT-29 cells, probably by the mitochondrial
pathway. In general, it can be concluded that usnic acid and atranorin are more
effective at inhibiting cell proliferation and induce cells death more effectively
compared to parietin and gyrophoric acid. The study demonstrated specific
programmed cell death mechanisms induced by lichen secondary metabolites
[163].

Brandao et al. [156] evaluated the cytotoxic activity of nine compounds

isolated from seven different lichen species, including the Ramalina genus, among
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which seven of the nine compounds have been isolated in the genus Ramalina,
namely atranorin (24) and usnic (17), diffractaic (38), divaricatic (25), perlatolic
(43), protocetraric (61) and norstitic (58) acids and the also tested psoromic acid
and lichexanthone. The compounds were evaluated against murine melanoma
B16-F10, human melanoma UACC-62 and fibroblast cells NIH/3T3. The test was
performed with sulforhnodamine B (SRB) and the anticancer drug doxorubicin was
used as positive control. The results from SRB assays were expressed as growth
inhibition 50% rate (Glso) and lethal growth 50% (LCso), according to Holbeck [164]
and also in terms of selectivity index (Sl), when a value greater than three
indicates that the neoplastic cells atr more sensitive to a certain compound than
normal cells [133].

The test with SRB revealed a significant cytotoxic activity in UACC-62
cells with protocetraric acid (Glsp 0.52 pg-mL™ and SI 93.3), with an inhibitory
concentration very close to the control doxorubicin (Glsy 0.47 pg-mL™ and Sl 1.2),
but with a significantly better selectivity index than the control. Other compounds
such as divaricatic acid (Glso 2.7 ug-mL™* andSI 5.4) and perlatolic acid (Glsg 3.3
ug'mL™ and Sl 7.9) also had a good response to this cell line. Difractaic, usnic,
norstitic and psoromic acids had intermediate sensitivity, with Glsp values ranging
from 24.7-36.6 ug'mL™. Atranorin presented low sensitivity with a Glsy of 147.2
pug'mL™ and Sl of 1.7 and lichexanthone was inactive against this lineage. For
B16-F10 cells the best result was the divaricatic acid, showing high sensitivity and
selectivity with Glsg 4.4 pg'mL™ and SI 3.3, followed by perlatolic, protocetraric,
diffractaic acids with average sensitivity and usnic and nortictic acids with low
sensitivity. Atranorin and lichexantone demonstrated no sensitivity to this lineage.
For the 3T3 lineage, divaricatic acid showed the best result, with a Glsy of 14.5
ug'mL™. The remaining compounds presented Glso values ranging from 26.0—
248.6 ug'mL™. Atranorin and lichexantone also had no sensitivity against this
lineage. The CLso values only showed satisfactory results for the UACC-62 lineage
for divaricatic (CLso 19.5 pg'mL™) and perlatolic (CLso 27.6 pg'mL™) acids as the
other compounds showed values close to 250 ug-mL™, presenting low cytotoxicity,
as with the other cell lineage where all the compounds demonstrated CLs, values
close to or higher than 250 ug-mL™.

Singh et al. [157] studied the effect of usnic acid on the growth inhibition,

cell induction cycle control and apoptosis in A549 human lung carcinoma cells
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using the MTT method. Treatment with usnic acid at the concentration of 25-100
MM for 24 and 48 h decreased the number of cells from 39%—-67% and 68%—89%,
respectively, and increased cell death two- to eight-fold, respectively. Usnic acid at
the concentration of 1-10 uM also significantly suppressed the formation of A549
cell colonies. Inhibition of cell growth was associated with the control phase
GO/G1. Usnic acid decreased the protein expression of cyclin dependent kinase
CDK4, CDK6 and cyclin D1 and elevated the expression of inhibitory protein
(CDK1) p21/cipl. When examined, cell death associated with molecular changes
was observed whereby usnic acid induces mitochondrial membrane depolarization
and leads to an increase in the cells apoptosis by more than twice. The effect of
usnic acid on apoptosis was accompanied by increased poly(ADP-
ribose)polymerase cleavage. The study thus showed that usnic acid inhibits cell
growth involving the phase cell cycle GO/G; control and induces cell death by the
mitochondrial membrane depolarization and apoptosis of human lung carcinoma
cells [157].

3.5. Anti-Inflammatory Activity

A galactofuranose heteropolysaccharide with predominant (1—5)-Galf
bonds and side chains in position 6, isolated from Trebouxia sp., a photobiont from
R. gracilis, extracted by Cordeiro et al. [31] presented induction properties in the in
vitro activation ofperitoneal macrophages at all tested concentrations (1-150
ug'mL™'). At the concentration of 150 pg-mL™, there was a 60% increase of the
macrophage activation compared to the control group, confirmed by scanning
electron microscopy (SEM) [31].

A pharmaceutical composition containing ramalin with circulation anti-
inflammatory effects was presented and patented by Yim et al. [11]. The action is
manifested as a result of of INOS expression suppression in the transcription
stage and also by suppressing the creation of NO, which is a nuclear substance
mediator in the inflammatory reactions, and the activation suppression of the
nuclear transcription factor kappa B (NF-kB) which is a precursor of the
inflammatory mediation by suppressing the signal transmission route from protein
kinases p38 MAPK, ERK ¥z and JNK and also suppressing the expression of Toll-
like 4 (TLR4) which is a lipopolysaccharide receptor (LPS) [11].
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Byeon et al. [138] presented data on the in vitro effects of stereocalpin-A
(138) concerning the compound’s ability to suppress the expression of vascular
cell adhesion molecules (VCAM-1), induced by TNF-a in vascular smooth muscle
cells (VSMCs). The pretreatment of VSMCs for 2 hours with the substance at non-
toxic concentrations of 0.1-10 ug-mL™ inhibited TNF-a, inducing the adhesion of
monocytic THP-1 cells and the expression of vascular cell adhesion molecules
(VCAM-1) and inner cell adhesion molecule (ICAM-1). The compound also
reduced the phosphorylation of P38, ERK, JNK and Akt. Stereocalpin-A
demonstrated anti-inflammatory activity due to the negative regulation of induced
adhesion molecules by TNF-a and the expression of MCP-1, the adhesion of
monocytes and production of reactive oxygen species (ROS) in vascular smooth
muscle cells (VSMCs) exerting a protective effect by inflammation modulation
inside the atherosclerotic lesion. Previous studies have mentioned the participation
of VSCMs in the initiation of atherosclerosis [138].

Another invention developed by Yim et al. [139] presents a pharmaceutical
composition containing stereocalpin-A which can inhibit the expression of cell
adhesion molecules mediated by TNF-a, and therefore can be used to prevent or
effectively treat arteriosclerosis [139].

3.6. Other Activities

Besides the biological activities presented above for the lichens from the
genus Ramalina, other activitiesfound are presented in this section. Lichen
metabolites collected in Mato Grosso do Sul State, Brazil, such as difractaic acid,
atranorin, chloroatranorin, usnic acid and the artifact ethyl orsenilate were tested
against the phytopathogenic fungus Cladosporium sphaerospermum using the
bioautographic test by Honda et al. [165]. The results showed that these
compounds effective inhibited the growth of the fungus [165].

Different species of Koreans and Chinese lichens were evaluated for their
activity against the phytopathogenic fungus Colletotrichum acutatum, the causing
agent of anthracnose in pepper, by Wei et al. [166]. Among the tested species, R.
conduplicans, obtained 59.5% inhibition, the second highest rate of mycelial
growth inhibition of the tested fungus, showing that lichens can be useful as new

fungicidal natural sources [166].
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The methanolic extracts from the lichens Ramalina hossei and Ramalina
conduplicans had their anthelmintic efficacy assessed by Kumar et al. [94]. The
results showed that both lichens exhibited anti-helminth activity in dose-dependent
form, as revealed by paralysis and death of tested Indian adult worms [94].

The antimycobacterial activity of twenty-six compounds derived from
lichens of four different families, included the family Ramalinaceae was tested.
Most of the compounds already had been isolated from species of the genus
Ramalina. The results showed that the diffractaic acid (38) was the most active
compound, with MIC value 15.6 pg-mL™, followed by norstitic acid (58), 62.5
ug'mL~* and usnic acid (17) 62.5 yg-mL™. The hypostictic and protocetraric (61)
acids showed moderate inhibitory activity, with MIC 94.0 uyg-mL™* and 125 ug-mL™
respectively. The other compounds showed low inhibitory activity on the growth of
Mycobacterium tuberculosis, with MIC values > 250 ug-mL™ [167].

Research by Lee et al. [8] showed that usimine C (20), from R. terebrata,
induced proliferation of human dermal fibroblast cells CCD-986SK up to 1.6 times
after treatment with 90 pg'mL™ during48 h. The type | procollagen synthesis was
significantly increased 1.3 times, 3 times and 5 times after treatment with 0.14,
0.72 and 3.6 pg of usimine-C/mL/24 h, respectively, while no significant increase
was observed after treatment with usimine-A or -B [8]. The invention of a
pharmaceutical composition containing usimine-C was presented and patented by
Lim et al. [168] for proliferation of dermal epithelium fibroblast acting in collagen
production, preventing, in this way, the formation of wrinkles [168].

The anti-schistosoma activity of the sulfated polysaccharide a-D-glucan
(Glu.SO,) extracted from R. celastri were evaluated, after encapsulation in
liposomes (Glu.SO4-LIPO), in mice infected with Schistosoma mansoni. The effect
of treatment with Glu.SO,4 and Glu.SO,-LIPO (10 mg-kg™) on the disposal of eggs,
parasite load and liver granuloma formation was evaluated using Swiss albino
female mice, between the ages of 35-40 days, weighing about 25 + 2 g, infected
with 150 cercariae/animal (Biomphalaria glabrata, BH strain). Four groups were
studied containing 10 samples each (N = 10), two controls (empty liposomes and
NaCl) and two treatment groups with Glu.SO,4 and Glu.SO4-LIPO, using a single
dose. The results of the parasitological analysis revealed that Glu.SO4-LIPO was

as efficient as Glu.SO,4 in the reduction of egg disposal and parasite load.
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Treatment with free Glu.SO,4 and Glu.SO4-LIPO produced a statistically significant
reduction in the number of granulomas, by 62% and 63%, respectively [169].

The larvicidal activity of some lichen metabolites like (+)-usnic acid,
atranorin and gyrophoric acid found in species from the genus Ramalina, and also
of 3-hydroxyphysodic acid, were tested against second and third stage larvae from
the Culiseta longiareolata mosquito by Cetin et al. [170]. All metabolites presented
high larvicidal properties. The LCso values were 0.41 pg-mL™ for gyrophoric acid,
0.48 pug'mL™* for (+)-usnic acid, 0.52 pg-mL™ for atranorin and 0.97 ug-mL™ for 3-
hydroxyphysodic acid. However, when LCq values were compared, the best result
was from the (+)-usnic acid with 1.54 ug-mL™, followed by gyrophoric acid with
1.93 pg'mL™, then 3-hydroxy-physodic acid with 4.33 ug-mL™ and finally the
compound atranorin with 5.63 pg'mL™. Thus it was revealed that some lichen
secondary metabolites have a promising role as larvicides [170].

Lim et al. [135] patented a pharmaceutical composition containing ramalin
or one of its salts, that can be used as functional food for treating liver disease,
which may inhibit liver fibrosis and reduce liver cirrhosis levels. When compared
with silymarin (a protective drug in liver cells) in animal experiments significant
results were achieved without liver cell cytotoxicity. In this way, the composition
can be effectively used to prevent or treat liver fibrosis and liver cirrhosis [135].

Kosugi et al. [24] demonstrated that sugar arabitol, extracted from the
green algae Trebouxia sp. lichen photobiont R. yasudae has the ability to increase
the expression of drought-induced non-photochemical (NPQ-d), dissipating light

energy excess and protecting the photobiont of photoinhibition [24].

4. Concluding Remarks

From the 246 lichens species that compose the genus Ramalina
mentioned in the literature, about 47%, or about 118 species with studied
chemistry and biological activity were described in this review, which covers a total
of 153 isolated and identified compounds. As for biological activity, the percentage
of species studied is even smaller, because if the total of 13 species is considered,
only about 5% had some biological activity study. The vast majority of studies
were with crude lichens extracts, and only 27 compounds, or about 18% of the 153
identified compounds, underwent biological tests.
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However, the results are promising, besides the diversity of biological
activities presented by crude extracts and the few compounds whose activities
were tested, some of these activities have great importance for medicine, as is the
case of the observed antitumor, cytotoxic, and anti-inflammatory properties, in
some cases leading to patented pharmaceutical formulations containing lichen
substances with medical purposes.

In this regard, due to the good results demonstrated by various extracts
and some isolated compounds from the genus Ramalina that have shown
promising potential, especially with antimicrobial, antioxidant, antitumor, cytotoxic,
antiviral, anti-inflammatory properties, and for the prevention and treatment of liver
disease, among other benefits, it can be concluded that other species of this
genus that have been little or not studied deserve special attention with research
involving both the chemical part and the biological one to increase the contribution
to the discovery of new compounds that may serve as models for new drugs with

therapeutic properties.
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Supplementary Information

Table S1. Polysaccharides reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).

Class of Source Current Names Of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
1 Carbohydrates a-Glucan R. celastri [1-6] R. celastri
R. dendriscoides [7] R. dendriscoides
R. fraxinea [7] R. fraxinea
R. gracilis [7] R. gracilis
R. gracilis (photobiont) [8] R. gracilis
R. peruviana [7] R. peruviana
R. peruviana (mycobiont) [9] R. peruviana
R. usnea [10] R. australiensis
2 Galactomannan R. celastri [3] R. celastri
R. dendriscoides [7] R. dendriscoides
R. ecklonii [1] R. ecklonii
R. fraxinea [7] R. fraxinea
R. gracilis [7] R. gracilis
R. gracilis (photobiont) [8] R. gracilis
R. peruviana [7] R. peruviana
R. peruvina (mycobiont) [5] R. peruviana
R. usnea [10,11] R. australiensis
3 Glucose R. crassa (mycobiont) [12] R. siliquosa
R. sinensis [13] R. sinensis
R. fraxinea [14] R. fraxinea
4 Galactose R. crassa (phycobiont) [12] R. siliquosa
R. fraxinea [14] R. fraxinea

5 Mannose R. sinensis [13] R. sinensis
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Class of Source Current Names Of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
6 Rhamnose R. sinensis [13] R. sinensis
R. fraxinea [14] R. fraxinea
7 D-Arabitol R. reticulata [15] R. menziessi
R. siliquosa [16] R. siliquosa
R. calicaris [17] R. calicaris
R. sinensis [17] R. sinensis
R. tayloriana [18] R. luciae
R. yasudae (photobiont) [19] R. yasudae
R. geniculata [20] R. inflata subsp. inflata
R. scopulorum [20] R. siliquosa
8 Mannitol R. fraxinea [14] R. fraxinea
9 Glucosamine R. fraxinea [14] R. fraxinea
10 Arabinose R. fraxinea [14] R. fraxinea
11 Xylose R. fraxinea [14] R. fraxinea
12 Glucoronic acid R. fraxinea [14] R. fraxinea
13 Lentinan R. complanata [21] R. complanata
14 Amylose R. celastri [3] R. celastri
R. celastri (photobiont) [4] R. celastri
R. gracilis (photobiont) [8] R. gracilis
15 Galacturonic acid R. terebrata [22] R. terebrata
16 Ribitol R. crassa (phycobiont) [23] R. siliquosa
R. subbreviuscula (phycobiont) [23] R. subbreviuscula

* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014
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No.

Class of Compounds

Current Names of

Compounds Name Source References .
Species *
17 Usnic acid and derivatives Usnic acid R. africana [24] R. africana
R. asahinae [25] R. asahinae
R. boninensis [26,27] R. boninensis
R. boulhautina [28] R. boulhautiana
R. anceps [29-31] R. anceps
R. atlantica [32] R. cuspidata
R. breviuscula [33] R. breviuscula
R. cactacearum [34] R. cactacearum
R. calcarata [30] R. calcarata
R. calicaris [9,17,35,36] R. calicaris
R. camptospora [29,30] R. camptospora
R. capitata [36-38] R. capitata
R. celastri [30,39-41] R. celastri
R. celastri (mycobiont) [39] R. celastri
R. ceruchis [42,34] R. ceruchis
R. ceruchoides [42] R. ceruchoides
R. chilensis [31,34,43,44] R. chilensis
R. cochlearis [30] R. cochlearis
R. combeoides [42] R. combeoides
R. complanata [29,30] R. complanata
R. conduplicans [45] R. conduplicans
R. crassa [32,46] R. siliquosa
R. crassa (mycobiont) [46,47] R. siliquosa
R. curnowii [32,36] R. cuspidata
R. cuspidata [9,48-50] R. cuspidata
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No.

Class of Compounds

Compounds Name Source

References

Current Names of

Species *
R. cuspidata var. armorica [51] R. cuspidata
R. cuspidata var. cuspidata [51] R. cuspidata
R. cuspidate var. stenoclada [51] R. cuspidata
R. darwiniana [29] R. darwiniana
R. dendriscoides [30] R. dendriscoides
R. dendroides [30] R. dendroides
R. diracerata [33,52] R. diracerata
R. druidarum [32] R. siliquosa
R. ecklonii [34,53] R. ecklonii
R. evernioides [33] R. evernioides
R. farinacea [9,24,33,43,50,54-63] R. farinacea
R. fastigiata [37,36] R. fastigiata
R. flaccescens [34,42] R. flaccescens
R. fragilis [29] R. fragilis
R. fraxinea [14,27,36-38,64] R. fraxinea
R. furcellangulida [29] R. furcellangulida
R. geniculata [65,66] R. inflate subsp. inflata
R. glaucescens [67] R. glaucescens
R. gracilis [30] R. gracilis
R. grumosa [29,30] R. grumosa
R. hierrensis [68] R. hierrensis
R. homalea [42] Niebla homalea
R. hossei [42] R. hossei
R. inanis [34] R. inanis
R. inflata [40] R. inflata
R. intermedia [33] R. intermedia
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No. Class of Compounds Compounds Name Source References Curlr;e:pnscl?ezTes of
R. kullensis [69] R. kullensis
R. lacera [43] R. lacera
R. landrdensis [50,69] R. landréensis
R. menziensii [70] R. menziensii
R. minuscula [50,69] R. dilacerata
R. montagnei [29] R. montagnei
R. nervulosa [71] R. nervulosa
R. obtusata [27,33,50,69] R. obtusata
R. pacifica [40,71] R. pacifica
R. paludosa [72] R. paludosa
R. peranceps [31,73] R. peranceps
R. peruviana [30,34] R. peruviana
R. pollinaria [27,37,59,66,74,75] R. pollinaria
R. polyforma [29] R. polyforma
R. polymorpha [36,37,59] R. polymorpha
R. prolifera [30] R. prolifera
R. puiggarii [30] R. puiggarii
R. pusilla [30] R. inflate sgbsp.
australis
R. rectangularis [30] R. rectangularis
R. reticulata [15,27,33,76,77] R. menziesii
R. rigida [30] R. rigida
R. roesleri [78] R. roesleri
R. scorpulorum [16,49,50,69,79] R. siliquosa
R. sekika [27] R. sekika
R. sharpii [31] R. sharpii
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No.

Class of Compounds

Compounds Name Source

References

Current Names of

Species *
R. sideriza [29] R. sideriza
R. siliquosa [9,16,32,47] R. siliquosa
R. siliquosa var. crassa [51] R. siliquosa
R. siliquosa var. siliquosa [51] R. siliquosa
R. siliquosa var. x [51] R. siliquosa
R. siliquosa var. zopfii [51] R. siliquosa
R. sinensis [17,80] R. sinensis
R. sorediantha [29] R. sorediantha
R. sorediosa [29,30] R. sorediosa
R. stenoclada [32] R. cuspidata
R. stenospora [81] R. stenospora
R. subcomplanata [43,82] R. subcomplanata
R. subfarinacea [9,36,50,69] R. subfarinacea
R. subpollinaria [30] R. subpollinaria
R. terebrata [83-85] R. terebrata
R. tingitana [86] R. tingitana
R. tayloriana [18] R. luciae
R. thrausta [50] R. thrausta
R. tumidula [34] R. tumidula
R. usnea [29-31,87] R. australiensis
R. yasudae [43,65] R. yasudae
R. yasudae (mycobiont) [46] R. yasudae
18 Usimine A R. terebrata [83,85,88,89] R. terebrata
19 Usimine B R. terebrata [83,85,88,89] R. terebrata
20 Usimine C R. terebrata [83,85,88,89] R. terebrata
21 Iso-usnic acid R. hierrensis [68] R. hierrensis
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Current Names of

No. Class of Compounds Compounds Name Source References Species *
22 Usninic acid R. bornholmiensis [50] R. bornholmiensis
R. calicaris [35] R. calicaris
R. cuspidata [50] R. cuspidata
R. farinacea [50] R. farinacea
R. landroénsis [50] R. landroénsis
R. minuscula [50] R. dilacerata
R. obtusata [50] R. obtusata
R. scopulorum [50] R. siliquosa
R. subfarinacea [50] R. subfarinacea
R. thrausta [50] R. thrausta
* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
Table S3. Depsides reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).
No. Class of Compounds Name S(_)urce . References Current Names of
Compounds (Ramalina species) Species *
23 Depsides Sekikaic acid R. boulhautina [28,47] R. boulhautiana
R. calicaris [17,27] R. calicaris
R. conduplicans [45,90] R. conduplicans
R. chilensis [31,44] R. chilensis
R. cochlearis [30] R. cochlearis
R. darwiniana [29] R. darwiniana
R. farinacea [9,54,60,66,91] R. farinacea
R. farinacea var. nervulosa [27] R. farinacea
R. fragilis [29] R. fragilis
R. fraxinea [14] R. fraxinea

R. furcellangulida [29] R. furcellangulida
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Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. geniculata [27,43,66] R. inflata subsp. inflata
R. glaucescens [43,67] R. glaucescens
R. hossei [45,92] R. hossei
R. luciae [93] R. luciae
R. montagnei [29] R. montagnei
R. nervulosa [71,94] R. nervulosa
R. peruviana [30,43,95] R. peruviana
R. polyforma [29] R. polyforma
R. pusiola [30] R. pusiola
R. roesleri [78] R. roesleri
R. sekika [27] R. sekika
R. sorediosa (race 1) [30] R. sorediosa
R. subcomplanata [94] R. subcomplanata
R. subpollinaria (race I) [30] R. subpollinaria
R. tayloriana [18,43] R. luciae
R. usnea [30,31,87] R. australiensis
24 Atranorim R. celastri [30] R. celastri
R. combeoides [42] R. combeoides
R. complanata [30] R. complanata
R. darwiniana [29] R. darwiniana
R. dendriscoides [30] R. dendriscoides
R. ecklonii [53] R. ecklonii
R. fragilis [29] R. fragilis
R. furcellangulida [29] R. furcellangulida
R. glaucescens [67] R. glaucescens

R. hierrensis [68] R. hierrensis




Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. pacifica [40] R. pacifica
R. paludosa [72] R. paludosa
R. peruviana (mycobiont) [95] R. peruviana
R. roesleri [78] R. roesleri
R. siliquosa [16,47] R. siliquosa
R. stenospora [81] R. stenospora
R. subcomplanata [82] R. subcomplanata
R. subpllinaria [30] R. subpollinaria
25 Divaricatic acid R. aspera (race I) [30] R. aspera
R. calcarata [30] R. calcarata
R. complanata (race 1) [30] R. complanata
R. darwiniana [29] R. darwiniana
R. furcellangulida [29] R. furcellangulida
R. hierrensis [68] R. hierrensis
R. homalea [42] Niebla homalea
R. menziesii [70] R. menziessi
R. polyforma [29] R. polyforma
R. subbreviuscula [96] R. subbreviuscula
R. usnea [87] R. australiensis
R. usnea (race 1) [30] R. australiensis
26 Homosekikaic acid R.cochlearis [30] R. cochlearis
R. conduplicans [90] R. conduplicans
R. luciae [93] R. luciae
R. nervulosa [94] R. nervulosa
R. peruviana [30,95] R. peruviana
R. pusiola [30] R. pusiola
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Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. roesleri [78] R. roesleri
R. sorediosa [30] R. sorediosa
R. subcomplanata [94] R. subcomplanata
R. subpollinaria [30] R. subpollinaria
R. usnea [30] R. australiensis
27 Ramalinoic acid R. calicaris [27,47] R. calicaris
R. cochlearis [30] R. cochlearis
R. farinacea [27,43,97] R. farinacea
R. geniculata [27] R. inflata subsp. Inflate
R. intermediella [27,97] R. intermediella
R. nervulosa [47] R. nervulosa
R. obtusata [69] R. obtusata
R. peruviana [43,95] R. peruviana
R. usnea [87] R. australiensis
R. usneoides [27] R. australiensis
28 Obtusatic acid R. calicaris [9,35] R. calicaris
R. farinacea [24,57] R. farinacea
R. fraxinea [14] R. fraxinea
R. mediterranea [98] R. mediterranea
R. obtusata [27,47,52,69] R. obtusata
R. pollinaria [27] R. pollinaria
R. sekika [27] R. sekika
29 Tumidulin R. ceruchis [34,99] R. ceruchis
R. chilensis [34,44] R. chilensis
R. flaccescens [34,99] R. flaccescens
R. inanis [34] R. inanis
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Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. peruviana [34] R. peruviana
R. tumidula [34,100] R. tumidula
30 4’-O-demethylsekikaic acid R. americana [47] R. Americana
R. cochlearis [30] R. cochlearis
R. farinacea [47] R. farinacea
R. peruviana [30,95] R. peruviana
R. sorediosa [30] R. sorediosa
R. usnea (races | and 1) [30] R. australiensis
31 Evernic acid R. calicaris [9,35] R. calicaris
R. commixta [27] R. commixta
R. farinacea [24,57] R. farinacea
R. mediterranea [98] R. mediterranea
R. pollinaria [27,59,66,74,75] R. pollinaria
R. yasudae [47,101] R. yasudae
32 4’-O-methylnorhomosekikaic acid R. cochlearis [30] R. cochlearis
R. farinacea [54] R. farinacea
R. peruviana [30] R. peruviana
R. pusiola [30] R. pusiola
R. subcomplanata [94] R. subcomplanata
R. usnea (races | and 1) [30] R. australiensis
33 4’-O-methylnorsekikaic acid R. cochlearis [30] R. cochlearis
R. farinacea [47,54] R. farinacea
R. usnea (races I and 1) [30] R. australiensis
34 2’-O-methylsekikaic acid R. asahinae [25,30,47,102] R. asahinae
R. grumosa [30] R. grumosa
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No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. sorediosa [30] R. sorediosa
35 Chloroatranorin R. siliquosa [16] R. siliquosa
R. stenospora [81] R. stenospora
R. subcomplanata [82] R. complanata
36 Chryptochorophaeic acid R. aspera (race 1) [30] R. aspera
R. paludosa [72,81] R. paludosa
37 4’-O-demethylhomosekikaic acid R. peruviana [30] R. peruviana
R. usnea (races | and 1) [30] R. australiensis
38 Diffractaic acid R. lacera [43] R. lacera
R. subcomplanata [43,82] R. subcomplanata
39 4-0O-demethylbarbatic acid R. siliquosa (mycobiont) [103] R. siliquosa
R. siliquosa var. Zopfii [47,51] R. siliquosa
R. subdecipiens [47] R. subdecipiens
40 Ramalinaic acid R. americana [47] R. americana
R. farinacea [61] R. farinacea
41 Gyrophoric acid R. americana [43] R. americana
42 Trivaric acid R. americana [43,104] R. americana
43 Perlatolic acid R. stenospora [81] R. stenospora
44 4-0-demethylnorhomosekikaic acid R. peruvina [30] R. peruviana
45 4’-O-methylsekikaic acid R. asahinae [30] R. asahinae
46 4’-O-methylpaludosic acid R. asahinae [30,102] R. asahinae
47 4:47-di-0- methygsiré/ptochlorophaelc R. asahinae [102] R. asahinae
48 Boninic acid R. asahinae [25,26] R. asahinae
49 Stenosporic acid R. stenospora [47,81] R. stenospora
50 5-Hydroxysekikaic acid R. farinacea [91] R. farinacea
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No. Compounds Name . . References .
Compounds (Ramalina species) Species *
51 5-Chlorosekikaic acid R. glaucescens [67] R. glaucescens
52 Olivetoric acid R. leiodea [105] R. leiodea
53 Paludosic acid R. paludosa [72] R. paludosa
54 4-O-methyl-oxo:cri;(/jptochlorophaelc R. subfraxinea [106] R. subfraxinea
55 Lecanoric acid R. lacera [43] R. lacera
56 Bourgeanic acid R. bourgeana [107,108] R. bourgeana
* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
Table S4. Depsidones reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).
No. Class of Compounds Name Sgurce . References Current Names of
Compounds (Ramalina species) Species *
57 Depsidones Salazinic acid R. anceps [31] R. anceps
R. angustissima [27] R. subfarinacea
R. calcarata [30] R. calcarata
R. chilensis [31,43] R. chilensis
R. complanata [29] R. complanata
R. complanata (races | and 1) [30] R. complanata
R. crassa [32,47] R. siliquosa
R. crassa (mycobiont) [46] R. siliguosa
R. darwiniana [29] R. darwiniana
R. dendriscoides [30] R. dendriscoides
R. farinacea [43,54,109] R. farinacea
R. furcellangulida [29] R. furcellangulida
R. nervulosa [47] R. nervulosa

R. pacifica [71] R. pacifica
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Current Names of

No. Class of Compounds Name Source References
Compounds (Ramalina species) Species *
R. peranceps [31] R. peranceps
R. polyforma [29] R. polyforma
R. rectangularis [30] R. rectangularis
R. rigida [30] R. rigida
R. scopulorum [16,79] R. siliquosa
R. sharpie [31] R. sharpie
R. siliquosa [47] R. siliquosa
R. siliquosa var. crassa [47,51] R. siliquosa
R. siliquosa (mycobiont) [103] R. siliquosa
R. subbreviuscula [96] R. subbreviuscula
R. subcomplanata [94] R. subcomplanata
R. subfarinacea var. reagens [58] R. subfarinacea
R. subfarinacea var. salazinic [58] R. subfarinacea
R. sorediosa (races I, Il and 111) [30] R. sorediosa
R. subfarinacea [9,33,43,50,69] R. subfarinacea
R. subpollinaria (races I, 1l and I11) [30] R. subpollinaria
R. yasudae [47,65] R. yasudae
R. yasudae (mycobiont) [46] R. yasudae
58 Norstictic acid R. anceps [30,31] R. anceps
R. angustissima [27] R. subfarinacea
R. arabum [43] R. arabum
R. chilensis [31,43,44] R. chilensis
R. curnowii [32] R. cuspidata
R. cuspidata var. cuspidata [51] R. cuspidata
R. cuspidata var. stenoclada [51] R. cuspidata
[43,55,58,60,109] R. farinacea

R. farinacea
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Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. gracilis (race 1) [30] R. gracilis
R. lacera [43] R. lacera
R. peranceps [47] R. peranceps
R. pusiola [30] R. pusiola
R. sharpii [31] R. sharpii
R. siliquosa [9] R. siliquosa
R. stenoclada [32] R. cuspidata
R. subfarinacea [43] R. subfarinacea
R. subfarinacea var. subfarinacea [110] R. subfarinacea
R. subfarinacea var. reagens [110] R. subfarinacea
59 Hypoprotocetraric acid R. druidarum [32] R. siliquosa
R. cuspidata var. armorica [51] R. cuspidata
R. cuspidata var. cuspidata [51] R. cuspidata
R. farinacea [109] R. farinacea
R. hypoprotocetraric [47] R. farinacea
R. siliquosa [16,111] R. siliquosa
R. siliquosa var. druidarum [51] R. siliguosa
R. tumidula [47] R. tumidula
60 Scopuloric acid (or stictic) R. combeoides [42] R. combeoides
R. curnowii [32] R. cuspidata
R. cuspidata var. armorica [51] R. cuspidata
R. cuspidata var. cuspidata [51] R. cuspidata
R. hierrensis [68] R. hierrensis
R. scopulorum [16,27,69,79] R. siliquosa
61 Protocetraric acid R. farinacea [9,27,55,58,109] R. farinacea
R. lacera [112] R. lacera
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Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
R. pacifica [112] R. pacifica
R. siliquosa [16,32] R. siliquosa
R. siliquosa (mycobiont) [3] R. siliquosa
R. siliquosa var. siliquosa [30,31] R. siliquosa
62 Connorstictic acid R. anceps [30] R. anceps
63 Criptostictic acid R. cuspidata var. armorica [51] R. cuspidata
R. cuspidata var. cuspidata [51] R. cuspidata
64 Peristictic acid R. cuspidata var. armorica [51] R. cuspidata
65 Conhypoprotocetraric acid R. siliquosa var. x [51] R. siliquosa
66 Variolaric acid R. hierrensis [68] R. hierrensis
67 Gangaleodin R. hierrensis [68] R. hierrrensis
68 Physodic acid R. leiodea [105] R. leiodea
69 Coquimboic acid R. tumidula [113] R. tumidula
* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
Table S5. Fatty acids reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).
No. Class of Compounds Compounds Name S(_)urce . References Current I\_larr*1e5 of
(Ramalina species) Species
70 Fatty acids Oleic acid R. lacera [43] R. lacera
R. celastri (mycobiont) [41] R. celastri
R. yasudae [114] R. yasudae
71 Palmitic acid R. lacera [114] R. lacera
R. celastri (mycobiont) [41] R. celastri
72 Stearic acid R. lacera [43] R. lacera
R. celastri (mycobiont) [41] R. celastri
R. yasudae [114] R. yasudae
73 a-Linolenic R. celastri (mycobiont) [43] R. celastri
R. yasudae [114] R. yasudae




74 Linoleic acid R. yasudae [114] R. yasudae
75 Myristic acid R. yasudae [114] R. yasudae
76 Arachidonic acid R. yasudae [114] R. yasudae
77 D-Protolichesterinic acid R. almquistii [24,115] R. almquistii
R. roesleri [78] R. roesleri
78 Nephrosterinic acid R. almquistii [24,115] R. almquistii

75

* Updating scientific names validated by Index Fungorum

, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
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Table S6. Other compounds—Carotenoids reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).

No. Class of Compounds Compounds Name Sgurce . References Current Names of
(Ramalina species) Species *
79 Carotenoids B-Cryptoxanthin R. ecklonii [116] R. ecklonii
R. usnea [116] R. australiensis
80 Lutein epoxide R. ecklonii [116] R. ecklonii
R. usnea [116] R. australiensis
81 Violaxanthin R. ecklonii [116] R. ecklonii
82 Auroxanthin R. ecklonii [116] R. ecklonii
R. usnea [116] R. australiensis
83 Astaxanthin R. celastri [117] R. celastri
R. usnea [116] R. australiensis
84 Mutatoxanthin R. usnea [116] R. australiensis
85 Lycoxanthin R. ecklonii [116] R. ecklonii
86 Antheroxanthin R. ecklonii [116] R. ecklonii
R. usnea [116] R. australiensis
87 g-Caroten R. usnea [116] R. australiensis
88 Zeaxanthin R. celastri [117] R. celastri
89 B-Caroten R. celastri [117] R. celastri
90 a-Doradexanthin R. celastri [117] R. celastri
91 Lutein R. celastri [117] R. celastri
R. usnea [116] R. australiensis
92 Hydroxyechinenone R. ecklonii [116] R. ecklonii
93 Diatoxanthin R. ecklonii [116] R. ecklonii
94 Neoxanthin R. ecklonii [116] R. ecklonii
R. usnea [116] R. australiensis
95 Rhodoxanthin R. ecklonii [116] R. ecklonii

R. usnea [116] R. australiensis
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* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.

Table S7. Other compounds—Steroids and terpenoids reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).

No. Class of Compounds Compounds Name S(_)urce . Refences Current Names of
(Ramalina species) Species *
96 Steroids a-Sitosterol R. africana [24] R. africana
R. hierrensis [68] R. hierrrensis
97 Brassicasterol R. africana [24] R. africana
R. tingitana [86] R. tingitana
98 Lichesterol R. africana [24] R. africana
99 Ergosterol peroxide R. hierrensis [68] R. hierrensis
R. tingitana [86] R. tingitana
100 Cerevisterol R. hierrensis [68] R. hierrensis
101 Terpenoids Ursolic acid R. hierrensis [68] R. hierrensis
102 Iso-arborinol acetate R. hierrensis [68] R. hierrensis
103 Friedelin R. ecklonii [53] R. ecklonii
104 (—)-Sandaracopimaric acid R. hierrensis [68] R. hierrensis
105 Ceruchinol R. ceruchis var. tumidula [118] R. ceruchis
R. tigrina [119] R. tigrina

* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
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Table S8. Other compounds—L.ipids and amines reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).

Class of Source Current Names of
No. Compounds Name . . References .
Compounds (Ramalina species) Species *
106 Lipids Diacylglyceryl-N,N,N-trimethylhomoserine R. lacera [43] R. lacera
107 Diacylglyceryltrimetylalanine R. lacera [43] R. lacera
108 Phosphatidylcholine R. lacera [43] R. lacera
109 Phosphatidyletanolamine R. lacera [43] R. lacera
110 Phosphatidylinositol R. lacera [43] R. lacera
111 Phosphatidic acid R. lacera [43] R. lacera
112 Sulfoquinovosyldiacylglycerol R. lacera [43] R. lacera
113 Monogalactosyldiacylglycerol R. celastri [120] R. celastri
R. lacera [43] R. lacera
114 Gigalactosyldiacylglycerol R. celastri [120] R. celastri
R. lacera [43] R. lacera
115 O-B-D-Galactopyranosyl-(1—1’)-ceramide R. celastri [121] R. celastri
116 Amines Choline R. fraxinea [14] R. fraxinea
117 Betaine R. fraxinea [14] R. fraxinea
118 Histamine R. fraxinea [14] R. fraxinea
119 Acetylcholine R. fraxinea [14] R. fraxinea
120 [-Fenethylamine R. fraxinea [14] R. fraxinea
121 Spermidine R. farinacea [122] R. farinacea
122 Putrescine R. farinacea [123,124] R. farinacea
123 Spermine R. calicaris [124] R. calicaris

* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
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Table S9. Other compounds—Amino acids reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).

No. Class of Compounds Compounds Name S(_)urce . References Current Names of
(Ramalina species) Species *
124 Amino acids Glutamic acid R. celastri (photobiont) [4] R. celastri
R. fraxinea [14] R. fraxinea
R. siliquosa [125] R. siliquosa
125 Aspartic acid . celastri (photobiont) [4] R. celastri
R. fraxinea [14] R. fraxinea
R. siliquosa [125] R. siliquosa
126 Alanine . celastri (photobiont) [4] R. celastri
R. fraxinea [14] R. fraxinea
R. siliquosa [125] R. siliquosa
R. sinensis [126] R. sinensis
127 Serine R. fraxinea [14] R. fraxinea
R. siliquosa [125] R. siliquosa
128 Proline R. fraxinea [14] R. fraxinea
R. siliquosa [125] R. siliquosa
129 Arginine . celastri (photobiont) [4] R. celastri
R. siliquosa [125] R. siliquosa
130 Glycine . celastri (photobiont) [4] R. celastri
R. siliquosa [125] R. siliquosa
131 Lysine . celastri (photobiont) [4] R. celastri
R. siliquosa [125] R. siliquosa
132 Leucine . celastri (photobiont) [4] R. celastri
R. siliguosa [125] R. siliquosa
133 Threonine . celastri (photobiont) [4] R. celastri
R. siliguosa [125] R. siliquosa
134 Glucosamine R. siliguosa [125] R. siliquosa
135 y-Aminobutiric acid R. fraxinea [14] R. fraxinea
136 Taurine R. crassa [127] R. siliquosa




* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.

Table S10. Other compounds reported in the Ramalina species of lichenized fungi (Fungi: Ascomycota).

No. Class of Compounds Compounds Name Sf)urce . References Current Names of
(Ramalina species) Species *
137 Hidrazide Ramalin R. terebrata [83,85,128-130] R. terebrata
138 Cyclic peptide Stereocalpin A R. terebrata [131-133] R. terebrata
139 Phenolics compounds 2,3-Dihydroxy-4-methoxy-6-pentyl- R. farinacea [91] R. farinacea
phenylmethyl ester
140 Divaric acid R. africana [24] R. africana
141 Ethyl divaricatinate R. africana [24] R. africana
142 2-Hydroxy-4-m_etho>_<y-6-propyl R. roesleri [78] R. roesleri
benzoic acid
143 2,4-D|hydroxy-3,6-d-|meth yl-methyl R. roesleri [78] R. roesleri
ester benzoic acid
144 Isorhizonic acid R. dilacerata [134] R. dilacerate
145 Orgamc_:s ac_:lds and a-Crotonic acid R. reticulata [15] R. menziesii
derivatives
146 Abscisic acid R. farinacea [123] R. farinacea
147 Ethyl caprilate R. fastigiata [135] R. fastigiata
148 Ethyl palmitate R. fastigiata [135] R. fastigiata
149 Ethyl stearate R. fastigiata [135] R. fastigiata
150 Benzopyran Divaricat acid R. hierrensis [68] R. hierrensis
151 Anthraquinone Parientin R. hierrensis [68] R. hierrensis
152 Hydrocarbon Aspicilin R. ecklonii [34] R. ecklonii
153 Ethylene R. lacera [47] R. lacera

* Updating scientific names validated by Index Fungorum, available at http://www.indexfungorum.org/names/Names.asp in May 2014.
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Abstract

The larvicidal activity of the methanol extract, fractions and from compounds 2-
Hydroxy-4-methoxy-6-propyl-methyl benzoate (1) and (+)- usnic acid (2)
identified from the Ramalina usnea lichen was tested against the third instar
larvae of the Aedes aegypti mosquito. The mortality was observed after 24 hour
of larvae exposure. The methanol extract and three fractions showed
considerable activity, killing 100% of the larvae at a concentration of 150 pg/mL.
The isolated compounds, 2-Hydroxy-4-methoxy-6-propyl-methyl benzoate (1)
and the (+)- usnic acid (2) showed high larvicidal activity, presenting LCso values
of 4.850 and 4.475 ug/mL, respectively. This is the first study of this kind of
lichen reporting the larvicidal activity against the Aedes aegypti mosquito with
compound (1).

1. Introduction

Mosquitoes are vectors that transmit many diseases, such as malaria,
encephalitis, dengue fever among others. Dengue fever is a neglected tropical
disease, currently ranked as the most important viral disease transmitted by
mosquitoes worldwide (WHO 2012). The mosquito that transmits dengue, the
Aedes aegypti, is also responsible for the transmission of other diseases, such
as yellow fever, chikungunya fever (WHO 2015) and the fever caused by zika
virus (BRASIL- MS 2015).

The chikungunya fever is caused by a virus of the Alphavirus genus,
transmitted by mosquitoes of the Aedes genus, being the Aedes aegypti and
Aedes albopictus the main vectors. Since 2004, the virus has been identified in
60 countries, and in 2013 it was recorded autochthonous transmission in
several Caribbean countries and in March 2014 appeared in the Dominican
Republic and Haiti, because until then, its circulation was limited to Africa and
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Asia. However, there were already outbreaks also in Europe and in regions of
the Indian and Pacific Oceans (WHO 2015).

Brazil is currently living a dengue epidemic in several states, according to
the Epidemic Update of Health Surveillance Secretariat of Ministry of Health,
which tracks cases of dengue and chikungunya fever, until the 18th of last April
were registered 745,957 reported cases of dengue in the country with about
230 deaths, while for chikungunya fever were reported 3,135 autochthonous
suspected cases, from these, 1,688 were confirmed (portal.saude.gov.br
/imagens/pdf/2015/maio/04/2015). Already the Pan American Health
Organization report presenting the situation in the Americas for chikungunya
fever shows a total of 1,379,788 suspected cases, with 31,024 confirmed cases
and a total of 191 deaths until the present moment (PAHO/WHO 2015).

As there is no specific antiviral drug for the treatment of these diseases,
a strategy used to control the transmission is by the transmission of vectors
(WHO 2015; Polson et al. 2011). For this, many insecticides may be used to
control mosquitoes, but many of them are not selective and can harm beneficial
insects (Cetin et al. 2008; Cetin et al. 2012; Gois et al. 2013), increase the
resistance of these insects (Benli et al. 2009; Polson et al. 2011) and produce
environmental contamination (Geris et al. 2008; Santos et al. 2011; Goéis et al.
2013). In the search for alternative control methods less or non-toxic to the
population and the environment, several studies have searched plants as
alternative control agents (Viegas Junior, 2003; Simas et al. 2004; Mendonca et
al. 2005; Santiago et al. 2005; Trevisan et al. 2006; Anees 2008; Rahuman;
Venkatesan 2008; Rahuman et al. 2008; Geris et al. 2008; Feitosa et al. 2009;
Sreelatha et al. 2010; Murugan et al. 2012; Goéis et al. 2013; Sharma et al.
2014; Govindarajan; Sivakumar 2014) among many others, or other natural
sources such as lichens (Cetin et al. 2008; Cetin et al. 2012; Yildirim et al.
2012) and marine natural products (Samiduari; Saravanakumar 2011), as these
natural sources have a rich variety of bioactive chemical compounds.

Lichenized fungi (lichens) consist in a form of symbiosis between a
fungus and an algae or cyanobacteria which contains a large number of organic
compounds, some of them are specific to those organisms (Huneck; Yoshimura
1996; Oksanen 2006; Parrot et al. 2013) and constitute a stable, systematic and
independent  unit that belongs to the Fungi Kingdom (Filo
Ascomycota/Basidiomycota) (Boustin; Grube 2005). Lichens produce a variety
of secondary metabolites such as, aliphatic and cycloaliphatic compounds,
aromatic compounds, meta and para Depsides, depsidones, dibenzofurans,
diphenyl ether, naphthopyrans, xanthones, quinones, naphthoquinones, usnic
acid among other classes (Feige; Lumsch 1993; Huneck; Yoshimura 1996;
Oksanen 2006).
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Lichens have been used as sources of many metabolites with different
biological activities (Huneck; Yoshimura 1996; Ingdlfsdéttir 2002; Boustin;
Grube 2005) such as antimicrobial (Tay et al. 2004; Cansaran et al. 2007),
antibiotic (Honda; Vilegas 1998; Ingdlfsdottir 2002; Paudel et al. 2008; Paudel
et al. 2010; Paudel et al. 2012), antioxidant (Gulluce et al. 2006; Kumar et al.
2009; Luo et al. 2010; Yim et al. 2010; Halice et al. 2011; Paudel et al. 2012,
Sisodia et al. 2013), antiviral (Fazio et al. 2007; Esimone et al. 2009; Lai et al.
2013), antitumor (Hirayama et al. 1980; Stuelp-Campelo et al. 2002;
Haraldsdattir et al. 2004; Koparal et al. 2006; Einarsdottir et al. 2010; Backorova
et al. 2011; BacCkorova et al. 2012; Singh et al. 2013; Brandao et al. 2013), anti-
inflammatory (Cordeiro et al. 2008; Yim et al. 2011; Byeon et al. 2012),
larvicidal (Cetin et al. 2012) among others.

In the present study was evaluated the larvicidal activity of two identified
compounds from species Ramalina usnea, 2-Hydroxy-4-methoxy-6-propyl-
methyl beazoate (1) and the (+)- usnic acid (2). This study is the first report in
the literature with this kind of lichen for larvicidal activity against Aedes aegypti
with the compound 2-Hydroxy-4-methoxy-6-propyl-methyl benzoate (1).

2. Materials and methods
General Experimental Procedures

For structural determination of compounds, were used spectrometers
Bruker operating at 500 MHz for *H and 125 MHz for *3C on the nuclear
magnetic resonance analysis (NMR) in single and two-dimensional experiments
(1D and 2D) with chemical shifts (64 € &) obtained in parts per million (ppm)
and the coupling constants (J) in hertz. All spectra were acquired using
deuterated chloroform (CDCI3) as solvent, using tetramethylsilane (TMS) as
internal standard. Chemical shifts were measured on the scale 6, and they were
referred by the non-deuterated solvent for the proton signal at &4 7.27 ppm, and
the carbon signal at oc 75.96 ppm. The infrared spectroscopy analyses were
made with equipment Shimadzu IRAffinity-1 using KBr pellets. The gas
chromatography analyzes coupled with mass spectrometry were performed
using equipment Shimadzu QP-5050 A. For the isolation of the compounds was
used Merck silica gel (0.063 — 0.2 mm) in the column chromatography
processes and Merck silica gel 60 Fys4 was used in the procedures of
preparative chromatography in analytical thin layer. The identification points of
the compounds in sheets of thin layer chromatography (TLC) were detected by
ultraviolet light at 254 nm and revelation was performed with vanillin sulfuric
acid solution.
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Lichenized fungus

The lichen Ramalina usnea was collected on the Restinga of Iquipari,
coastline of Grussai in the Sdo Jodo da Barra municipality, Rio de Janeiro state.
The voucher specimen was analyzed and identified by Dr. Michel Navarro
Benatti, herbarium curator of the Botanical Institute of Sdo Paulo and it was
deposited in the herbarium of the Universidade Estadual do Norte Fluminense
Darcy Ribeiro (UENF), in Biosciences and Biotechnology Center, CBB, with
identification number LI 0001.

Extract preparation and isolation of the compounds

The lichen stems were dried at room temperature and powdered. About
550 g of the dried material were macerated with methanol in three replications.
After filtration, the solvent was removed under reduced pressure and it
produced approximately 60 g of crude extract. A sample was taken to perform
preliminary biological tests and 35 g were fractionated by column
chromatography on ambient pressure using silica gel, and eluted with hexane:
dichloromethane with gradient of polarity, obtaining 8 fractions (LM1 to LM8).
The fraction LM6 (2.82 g) was chromatographed by methods similar to those
described, and eluted with hexane: dichloromethane with polarity gradient,
obtaining 6 new fractions (LM6-1 a LM6-6). The fraction LM6-2 (689.6 mg) was
chromatographed through a similar process to that of LM6 producing 10 new
fractions (LM6-2-1 a LM6-2-10). The fraction LM6-2-3 (89.5 mg) was analyzed
by spectroscopic methods and identified as 2-Hydroxy-4-methoxy-6-propyl-
methyl benzoate (1) (Figure 1). The fraction LM6-2-7 (149 mg), after analysis by
spectroscopic methods has been identified as usnic acid (2) (Figure 1).

2-Hydroxy-4-methoxy-6-propyl-methyl benzoate (1): dark yellow amorphous
solid; pf 122,5-123,8 °C; IR (KBr, cm™): 3435, 2924, 2852, 1726, 1624, 1462,
1373, 1288, 1192, 1159, 960, 741. [M*™] = m/z 224 (calc. for C12H1604).

Usnic acid (2): yellow crystalline solid; pf 202,5-204 °C; IR (KBr, cm™): 3662,
3088, 1695, 1631, 1560, 1452, 1373, 1357, 1286, 1190, 1141, 1118, 1066,
1037, 956, 841, 817. [M"] = m/z 344 (calc. for C1gH1607, 344.089)

Figure 1. Compounds identified fungus lichenized Ramalina usnea
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The chemical shifts values from nuclear magnetic resonance analysis of
'H (500 MHz, CDCls) and **C (125 MHz, CDCls) of the two compounds shown
in Tables 3 and 4 confirm those found in the literature (Huneck; Yoshimura,
1996; Konig; Wrigth 1999; Rashid et al. 1999; Bézivin et al. 2004; Shmeda-
Hirschmann et al. 2008).

Larvicidal bioassay

The mosquitoes A. aegypti of the Rockefeller are kept in the insectary of
Biotechnology Laboratory from the Universidade Estadual do Norte Fluminense
Darcy Ribeiro (UENF).

The larvicidal toxicity assays were developed according to standard
methodology of World Health Organization (WHO, 2005) with adaptation. The
concentration of the stock solution and the solutions tested was chosen based
on preliminary tests. The compounds were solubilized in DMSO/H,O or DMSO
pure for usnic acid (2). Fifteen larvae of third instar were added to the pots
containing distilled water and added to the test solutions with concentrations
that were between 1 and 30 pg/mL, in the total of five concentrations, at room
temperature, 27°C. The tests were performed in triplicate and in two replicates.
The negative control was pure water, pure DMSO and a DMSO/H,0 (2.5%)
solution. For positive control was used Imidacloprid compound, with
concentrations between 0.01 pg/mL and 1.0 pg/mL. Assessment of mortality
was made 24 hours after exposure of the larvae to the solutions.

3. Statistical analysis

Data were analyzed using the analysis program Probit/EPA version 1.5,
to calculate the lethal concentration 50% (LCso) and 90% (LCg) and the
confidence limit for each treatment in the confidence level of 95%
(http//www.epa.gov/nerleerd/stat2.htm).

4. Results
Bioassays

In preliminary bioassays performed with crude methanol extract and
fractions, were used a solution with a concentration of 150 pug/mL, in triplicate.
The crude extract (LM) showed 100% of mortality in the larvae of the third instar
of A. aegypti after 24 h, the fraction LM6 57%, the LM7 96.6%, and 100% for all
fractions LM6-1 (97.8 mg) and LM6-2 (689.6 mg) in the same concentration, the
other fractions of this column had low mortality rates. However, the results of
the fractions LM6-2-3 (1) and LM6-2-7 (2) were expressive (Table 1). The
analysis of the percentage mortality of the larvae to the fractions matching of
the compounds (1) and (2) through dose curve versus response allowed the
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determination of the LCsp and LCgqy values, shown in Table 2, together with
those of controls in pg/mL.

Table 1. Larval mortality (in percent) of the methanol extract of Ramalina usnea lichen,
fractions and control against third- instar of Aedes aegypti mosquito larvae after 24
hours.

Concentration 150 30 15 10 5 1
(Mg/mL)  (pg/mL) (ug/mL)  (ug/mL)  (ug/mL) (pg/mL)

Sample
Extract MeOH 100 - - - - -
LM6 57 - - - - -
LM7 96.6 - - - - -
LM6-1 100 - - - - -
LM6-2 100 - - - - -
LM6-3 0 - - - -
LM6-4 0 - - - - -
LM6-5 10 - - - - -
LM6-2-3 (1) - 100 88.67 78 35.33 11.33
LM6-2-7 (2) - 100 93.33 66.67 33.33 20
DMSO 0 0 0 0 0 0
DMSO/H,0 0 0 0 0 0 0

- not tested concentration

Table 2. The LCsy and LCgyy values (ug/mL) compounds 2-Hydroxy-4-methoxy-6-
propyl-methyl benzoate (1), usnic acid (2) and control Imidaclopride against third-
instar of Aedes aegypti mosquito larvae after 24 hours.

Compound LCs (limits) LCy (limits) Slope (zSE)(limits)
(1) 4.850 (2.929-6.955) 17.485 (11.689-  2.301 (0.461)
36.333) (1.397-3.205)
2 4.475 (2.508-6.731) 20.735 (12.846-  1.925 (0.398)
51.468) (1.145-2.704)
Control 0,0412 (0.0199- 0.0947 (0.0639-  0.0363 (0.0113)
0.062) 0.2609) (0.0141 - 0.0585)

The compound 2-Hydroxy-4-methoxy-6-propyl-methyl benzoate (1) was
evaluated for larvicidal activity against third instar of the Aedes aegypti
mosquito larvae and were found the values of 11.3, 35.3, 78.0, 88.7 and 100%
of mortality, while for usnic acid (2) were obtained 20.0, 33.3, 66.7, 93.3 and
100 %, at concentrations of 1.0, 5.0, 10.0, 15.0 and 30.0 pg/mL, respectively,
after 24 hours (Table 1). The data from the compounds (1) and (2), as well as
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the positive control, the Imidacloprid insecticide, were processed in the analysis
program EPA-Probit to obtain the lethal concentrations 50% (LCsp) and 90%
(LCq0). The values for LCso were 4.850, 4.475 and 0.0412 pg/mL and for the
LCq were 17.485, 20.735 and 0.0947 pg/mL for (1), (2) and Imidacloprid,
respectively (Table 2).

Identification of compounds 1 and 2.

The IR spectrum of compound (1) revealed a broadband in vmax = 3435
cm™ typical of grouping OH phenolic, in vmax = 2924 an acute intense
broadband characteristic of axial stretching C—H from aromatic, a broadband in
vmax = 1726 typical of axial deformation from carbonyl group C=0 and in viax =
1624 a broadband characteristic of axial deformation from linkages C-C of the
aromatic ring. The NMR spectrum **C-DEPTQ showed signals to 12 carbon
atoms, being one of carbonyl (C-10; & 171.9), two methinic sp? (CH-3 and CH-
5, & 98.7 and 110.7), two methoxyl groups (MeO-4 and MeO-10, ¢ 55.2 and
51.9), two methylene sp® and one methyl group relating to a n-propyl group
(CH2-7, CH»-8 and CH3-9, & 38.8, 24.9 and 14.2) and four non-hydrogenated
sp® (C-1, C-2, C-4 and C-6, & 104.6, 163.8, 165.5, 147.7, respectively). The
spectrum of 'H NMR showed signals of two singlets for &; 6.34 and 6.29
suggesting the presence of tetra-substituted aromatic ring. The signals at 3.80
(s) and 3.92 (s) suggest the presence of two methoxyl groups in the molecule.
The signals relating to the 2D magnetic resonance spectrum, HSQC and HMBC
(Table 3) corroborate to the structure of compound (1).

Table 3. 'H-"*C NMR ("Jcu, n=1, 2 and 3) spectroscopic data of compound 2-Hydroxy-
4-methoxy-6-propyl-methyl benzoate (1) in CDCl;. Chemical shifts in § (ppm) and J
(Hertz).

LM6-2-3: 2-Hydroxy-4-methoxy-6-propyl-methyl benzoate

HSQC HMBC

C & M 2Jen 3Jen

1 104.6 - HO-3; H-4; H-6; 2H-7
2 163.8 - HO-3; H-6

4 165.5 - H-4; H-6 MeO-5
6 147.7 - 2H-7 2H-8
10 171.9 - MeO-10
CH

3 98.7 6.34 (s) HO-3; H-6
5 110.7 6.29 (s) H-4; 2H-7
CH:

7 38.8 2.82(t,7.0) 2H-8 H-6; 3H-9
8 24.9 1.54 (m) 2H-7; 3H-9
CHs

9 14.2 0.95(t, 7.0) 2H-8 2H-7

MeO-4 552 3.80 (s)
MeO-10 518 3.92(s)
HO-2 - 11.76 (s)
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The IR spectrum of usnic acid (2) revealed broadband at vmax = 3663
cm™to an -OH group, t0 vinax = 3088 cm™ for aromatic C-H stretch, vnax = 1695
cm™ carbonyl group characteristically, C=0, and an intense broadband at viax =
1631 cm™ to a double bond stretch suggesting the presence of an aromatic ring.
The analysis of NMR spectrum *C-DEPTQ of the compound showed the
presence of signals for 18 carbon atoms, corresponding to four methyl groups
(CH3-10, CH3-12, CH3-13 and CHs-15, & 31.9, 27.9, 7.9 and 29.4, respectively),
one methinic carbon (CH-4, s 98.4) and thirteen carbon un-hydrogenated, all
sp?. The signal & 7,89 suggests the presence of the methyl group attached to
an aromatic carbon. The spectrum *H-RMN confirmed the presence of the four
methyl groups (o4 1.79, 2.08, 2.68 and 2.71) all singlets. The spectrum data of
RMN *H, ®C-DEPTQ, HSQC and HMBC are shown in Table 4. The data from
Tables 3 and 4 are in agreement with previously published data and confirm the
proposals for compounds (1) (Huneck; Yoshimura 1996; Shmeda-Hirschmann
et al. 2008) and (2) (Huneck; Yoshimura 1996; Rashid et al. 1999; Bézivin et al.
2004; Konig; Wrigt 1999). The NMR, IR spectra and chromatograms of
compounds 1 and 2 are shown in the supplementary material.

Table 4. *H-C NMR ("Jcu, n=1, 2, and 3) spectroscopic data of compound usnic acid
(2) in CDCl;. Chemical shifts in 5 (ppm) and J (Hertz)

LM6-2-7: Usnic acid

HSQC HMBC
C o o “Jek *Jen
1 198.1 - 3H-10
2 105.2 - H-4; 3H-12
3 191.8 - H-4
4a 179.3 - H-4 3H-10
5a 155.2 -
6 101.5 - HO-7; 3H-15
7 163.9 - HO-7 3H-13
8 109.3 - 3H-13 HO-7; HO-9
9 157.5 - HO-9 3H-13
9a 104.0 - HO-9; 3H-10
9b 59.1 - 3H-10 H-4
11 201.8 - 3H-12
14 200.4 - 3H-15
CH
4 984  6.05(s)
CHs
10 319  1.79(s)
12 279  2.68(s)
13 79  2.08(s)
15 204  2.71(s)
HO
7 13.34 (s)
9 11.06 (s)
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5. Argument

The larvicidal activity results presented in Table 1 show that the methanol
extract and some fractions showed high activity against larvae of Aedes aegypti
third instar. The bioassays also showed that the mortality for the compounds 2-
Hydroxy-4-methoxy-6-propyl-methyl benzoate (1) and usnic acid (2) isolated
from lichen Ramalina usnea, occurred in a dose dependent manner, and the
results of lethal concentrations 50%, LCso showed values of 4.850 and 4.475
pg/mL for (1) and (2), respectively, showing that these compounds have a
strong potential larvicidal. The literature data on larvicidal activity of lichen
compounds are scarce, especially for Aedes aegypti. The only study found
about this genre presented the data of larvicidal activity of the methanol extract
of the Ramalina conduplicans Vain. species with Aedes aegypti second instar
larvae, which presented a DLsparound 10 mg/mL and with a concentration of 25
mg/ml (or 25,000 pug/mL) killed 100% of the larvae (Vinayaka et al, 2009). A
high value compared to the aforementioned in our research. For the compound
(1) was not found any reports in the larvicidal activity literature, and for the
compound (2) was found reports with other insects. Cetin et al. 2008, tested the
activity of the isomers (-) and (+)-usnic acid (2) against mosquito larvae Culex
pipiens L., and the isomers showed intense activity, with DLso of 0.8 and 0.9
pg/mL for the (-) and (+)-usnic acid (2). Cetin et al. 2012, have also obtained
excellent results on lichen metabolites, among them the (+)-usnic acid (2)
against mosquito larvae of Culiseta longiareolata Macquart (Dipterous:
Culicidae), that showed high larvicidal activity, with DLs values of 0.48 pug/mL.

Regarding the research with larvicidal tests carried out with plants, using
essential oils, extracts and or isolated compounds, there is a large number of
publications and some compounds showed such impressive results as the
lichens compounds.

Sharma et al. (2014) tested the potential larvicidal extract in Artemisia
annua chloroform against larvae of Anopheles stephensi Liston (malaria) and
Aedes aegypti L. (dengue) and obtained LCsg values of 0.84 and 0.67 pg/mL,
respectively. Sreelatha et al. (2010) presented data from mosquitocidal activity
of isoshinanolone and plumbagin compounds isolated from rhizomes of
Plumbago capensis Thumb, presenting high toxicity against A. aegypti larvae
with LCso values of 1.26 and 5.43 ug/mL respectively. Edinilza et al. (2009)
tested the larvicidal activity against A. aegypti from essential oil of the methanol
extract roots and an oxoaporphine alkaloids, liriodenine, isolated from Rollinia
leptopetala Annonaceae). The results obtained from LCso were 104.7 and 34.7
pg/mL for the essential oils from the leaves and branches, 64.6 pg/mL for the
methanolic extract and 3.6 pg/mL to liriodenine. Geris et al. (2008) also
obtained excellent results of larvicidal activity against A. aegypti from
diterpenoids 3-B-acetoxylabdano-8(17)-13-diene-15-oic acid and alepterolic
acid, isolated from the Copaifera reticulata essential oil. The compounds
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showed LCso of 0.8 and 87.3 pg/mL, respectively, showing that the first
compound has strong larvicidal activity.

6. Conclusion

From the study performed, was found a high larvicidal activity of the
compounds 2-Hydroxy-4-methoxy-6-propyl-methyl benzoate (1) and usnic acid
(2) isolated from the lichen Ramalina usnea, suggesting to them the insecticidal
activity, and also as a template for the development of synthesis of new
molecules with larvicidal activity in the control of Aedes aegypti, corroborating
with the larvicidal compounds line of research from natural sources.
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Potencial Antimicrobiano de Ramalina usnea
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Resumo: Liquens sdo organismos simbidticos entre fungos e algas, os quais
possuem uma alta diversidade de compostos quimicos. Estes possuem
diferentes e importantes atividades bioldgicas, entre as quais, antimicrobiana.
Sendo assim, o presente trabalho teve como objetivo avaliar o potencial
antimicrobiano do extrato em metanol, fracées e da substancia isolada, &cido
asnico (1), frente a trés linhagens de Staphylococcus aureus ATCC e
Burkhalderia cepacea ATCC 25416 e trés espécies de fungos do género
Candida. O &cido Usnico apresentou atividade sobre os fungos testados, mas
ndo sobre as bactérias. O extrato bruto e algumas fragbes apresentaram
atividade sobre as bactérias, mas ndo sobre os fungos testados e trés fracdes
apresentaram 6timos resultados contra duas linhagens de Staphylococcus.
Palavras-chave: Ramalina usnea, Acido Usnico, Atividade antibacteriana,
Atividade antifungica.

Abstract: Lichens are symbiotic organisms of fungi and algae, which have a
high diversity of chemical compounds. These have various important biological
activities, among which antimicrobial. Therefore, this study aimed to evaluate
the antimicrobial potential of methanol extract, fractions and isolated the
compound usnic acid (1) against three strains of Staphylococcus aureus ATCC
25416 and ATCC Burkhalderia cepacia and three species of fungi of the genus
Candida. The usnic acid was active against the fungi tested, but not on bacteria.
The crude extract and some fractions showed activity against bacteria, but not
tested on fungi and and three fractions showed excellent results against two
strains of staphylococcus.

Keywords: Ramalina usnhea, Usnic Acid, Antibacterial Active, Antifungal Active.

*Universidade Estadual do Note Fluminense Darcy Ribeiro, Laboratério de Ciéncias
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1. Introducéo

Fungos liquenizados constituem uma forma de mutualismo simbi6tico
entre um fungo (micobionte) e uma alga ou uma cianobactéria (fotobionte) que,
geralmente apresenta um grande nimero de substancias organicas.*

Os liquens sdo bem conhecidos pela diversidade de metabdlitos
secundarios que produzem.? Esta diversidade despertou o interesse pelo
estudo da composicdo quimica desses organismos’, sendo véarios desses
metabalitos tipicos deste grupo e, dentre as diferentes classes, encontram-se
substancias contendo nitrogénio, fosforo e enxofre, polidis, monossacarideos,
acidos e éteres graxos e hidrocarbonetos alifaticos, meta- e para- depsideos,
depsidonas, dibenzofuranos, difenileter, naftopiranos, bifenis, difenilmetanos,
xantonas, quinonas, naftoquinonas e derivados do acido uUsnico. Também
ocorrem terpenos, esteroides, terfenilquinonas e derivados do acido
pulvinico.***

O género Ramalina Ach., familia Ramalinaceae, atualmente engloba
246 espécies distribuidas pelo mundo.*® Nas espécies ja estudadas desse
género foi encontrada alta diversidade de substancias, tanto metabdlitos
primarios quanto secundérios. Dentre os metabdlitos primarios, os carboidratos
sdo 0s mais presentes, detectando-se também aminoacidos, glicolipideos,
polidis e glicoesfingolipideos. Dentre os metabdlitos secundarios o acido usnico
merece atencdo pela alta frequéncia de citacdo. Derivados desse acido

6-9

(usimine) também foram encontrados,”™ além de depsideos, depsidonas,

acidos graxos e esterais.
Os metabdlicos secundarios isolados de linquens apresentam uma
gama de propriedades biolégicas e farmacoldgicas, destacando atividade

| 1116 13141720 gnti-Leishmania,*® anti-

13-14,22,24-25 [ 26-27
b

fotoprotetora,*® antitumora
21,23

antibacteriana,

18-20 antivira

inflamatoéria, antifungica, antioxidante,
inseticida,”® e antibidtica.’® O trabalho de isolamento e purificacdo de
metabdlitos secundarios vem contribuindo de forma significativa para a
sistematica e quimiotaxonomia dos fungos liquenizados.

Uma das substancias mais conhecidas, isolada e trabalhada de fungos
liquenizados é o acido usnico (Figura 1), isolado pela primeira vez, em 1834

por Rochleder e colaboradores, proveniente da espécie R. calicaris (L.) Rohl.3*
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31 No entanto, todas as espécies do género Ramalina contém &cido Usnico em
concentracdo variavel.*** Estudos de isolamento e de testes de atividade
biolégica dessa substancia apresentam, quase sempre, resultados

surpreendentes, gerando inimeras publicacdes.>819:27:31:33-40

Segundo
Francolini et. al. (2004) os liquens produzem antibiéticos, inclusive, o &cido

Usnico, para se protegerem de bactérias.*!

OH O Me

Figural. Estrutura quimica da substancia &cido usnico

A atividade antibidtica de muitos liquens tem sido atribuida ao acido
Usnico,” embora existam autores que mencionem que a atividade antibiética
dos liquens esta relacionada & presenca de derivados fendlicos.®*® Os
mecanismos da acdo antibidtica de acidos liquénicos, mais precisamente do
acido Usnico e seus derivados, sugerem que essas substancias modifiquem a
biogénese de proteinas causando alteracfes irreversiveis, podendo até mesmo
produzir apoptose.®* Essa substancia apresenta atividade contra bactérias,
fungos e leveduras. 1927304244

O fendmeno de resisténcia bacteriana aos farmacos € um fato e motivo
de grande preocupacdo em todo o mundo. Os antibiéticos utilizados no
tratamento de varias doencas, entre eles os (B-lactamicos, que atuam sobre a
parede de bactérias, entre elas Staphylococcus aureus e outras espécies do
género, de forma inesperada podem acarretar o surgimento de individuos
resistentes. Em Escherichia coli, um dos mecanismos alternativos que esta
bactéria utiliza para dar origem a clones resistentes € o sistema de resposta
SOS. Os antibidticos que interferem na replicacdo de DNA e na viabilidade da
célula bacteriana ativam o sistema de resposta SOS.”” Em S. aureus, a
resposta induzida por SOS promove a replicacdo e a transferéncia horizontal
em alta frequéncia, de fatores de viruléncia, codificados por ilhas de

patogeniciadade. Este fenbmeno envolve a ativacdo das proteinas RecA e



128

LexA, os principais reguladores do sistema de reposta SOS. Drogas
comumente utilizadas, como os antibiéticos fluoroquinolonas e B-lactamicos
podem induzir a replicacdo de ilhas de patogenicidade estafilococicas
mostrando que estes antibidticos podem ter uma consequéncia indesejada de
promover o surgimento e disseminacdo de fatores de viruléncia nestas
bactérias.*

Estudos da quimica, estrutura e atividade biologica sobre as
comunidades liquénicas brasileiras sao escassos, além de terem sido
realizados a cerca de vinte anos, como € o caso de R. usnea realizado por
Kashiwadani e Kalb*’.

Desta forma, o presente trabalho teve como objetivo a avaliacdo da
atividade antimicrobiana do extrato metandlico, suas fracdes e do acido Usnico,
isolado do liquen R. usnea sobre o crescimento in vitro de bactérias Gram-

positivas, Gram-negativas e fungos do género Candida.

2. Experimental

2.1. Equipamentos e Reagentes

Os procedimentos cromatograficos foram conduzidos em colunas de
vidro utilizando gel de silica 60 (0.063—-0.200 mm).

Os experimentos de Ressonancia Magnética Nuclear de *H e **C-RMN
foram realizados em um espectrébmetro Bruker Utrashield 500 Plus, com janela
espectral de 500 (*H) e 125 (*3C) MHz. CDCI; foi utilizado como solvente
deuterado com TMS como padrdo interno. Os deslocamentos quimicos (o)
foram medidos em (ppm) e as constantes de acoplamento (J) em Hz.

Para analise do potencial antimicrobiano foram utilizados meios de
cultura Agar e caldo Mueller-Hinton para bactérias e Agar e caldo Sabouraud

para fungos ambos da Himedia®.

2.2. Coleta e identificacdo de Ramalina usnea.

O liguen R. usnea foi coletado na restinga de Iquipari, litoral de Grucai
no municipio de S&o Joao da Barra - RJ. A espécie foi identificada pelo Dr.
Michel Navarro Benatti do Instituto de Botanica de Sao Paulo. A exsicata
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analisada encontra-se depositada no herbario da Universidade Estadual do

Norte Fluminense Darcy Ribeiro com registro LI-0001.

2.3. Extracao, obtencao das fracdes e isolamento dos compostos

O material referente ao fungo liquenizados foi seco, triturado (550 g) e
submetido a maceracdo exaustiva com metanol. O extrato foi concentrado em
um destilador sob presséo reduzida fornecendo 60 g de extrato.

O extrato metandlico (35 g) foi submetido a uma cromatografia em
coluna com gel de silica, eluida com hexano e diclorometano em modo
gradiente de polaridade até diclorometano 100%, e resultou em 8 frac6es apos
unido das fragbes por TLC, que foram denominadas como LM-1 a LM-8. A
fracdo LM-6 (2,82 g) apdés ser submetida a processos cromatograficos e
reunidas as fracbes por TLC produziu 6 fracbes. A fracdo LM6-2 foi
cromatografada por processo semelhante e gerou 10 fragBes apos mistura, e a
fracdo LM6-2-7 forneceu 149 mg do &cido Usnico. O &cido Usnico foi
identificado através das andlises espectroscépicas de RMN de 'H e 3C,
espectrometria de Massas de Baixa Resolucdo-EMBR, e com comparagcdo com
dados da literatura. A fracdo LM-7 foi submetida & cromatografia em coluna
com gel de silica usando como eluentes C¢Hg, CsHe + CH,Cl, € CH,Cl, em
modo gradiente de polaridade até diclorometano puro, que apds submetidas a
CCDA para andlise do perfil cromatografico foram agrupadas gerando 8
fracOes. A fracdo LM7-5 (21 a 25) foi cromatografada por processo semelhante
produzindo 197 fracdes que apls unido por TLC geraram 24 fracbes. As
fracbes que apresentaram massa superior a 350 mg foram submetidas a
avaliacao do potencial antimicrobiano (Tabelas 1, 2 e 3). Os espectros de RMN
de *H 3 **C mono e bi- dimensionais, o espectro de massas e o cromatograma

(CG/EM) serao apresentados no material suplementar no final do artigo.

2.4. Avaliacéo do Potencial antimicrobiano
2.4.1. Material biol6gico

As bactérias utilizadas no experimento foram Staphylococcus aureus
ATCC 33591, ATCC 25923, 66 (cepa clinica) e Burkholderia cepacia ATCC
25416. Os fungos foram Candida albicans ATCC 10231, C. tropicalis ATCC
28707 e C. kefyr ATCC 4135.
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2.4.2. Método de difusdo em &gar

O potencial antimicrobiano do extrato metandlico, das fragées LM7-18,
LM7-26, LM7-21-1, LM7a-107, LM7-21-39, LM7a-14, e do &cido usnico foi
avaliado em diferentes concentracbes (Tabela 1) utilizando o protocolo
baseado no método de Hufford et al (1975).%®

O ino6culo foi preparado a partir de colbnias de bactérias e fungos
crescidos em placa de Petri por 12 horas em estufa modelo V-100R (Visomes
Plus) a 37 °C para bactérias e 30 °C para fungos.

As suspensfes bacterianas foram padronizadas em solucdo salina
(0,85 %) estéril lidas em um espectrofotdmetro com leitura em densidade 6ptica
a 550 nm (Densimat, BioMérieux) obtendo-se a padronizacdo de 0,1 % para
uma concentracdo de 10° CFU/mL (unidades formadoras de coldnias),
utilizando a escala de McFarland. Em seguida, 100 pL destas suspensdes
foram depositadas com auxilio de swab (Venturi, Transystem, Copan
Innovation) estéril sobre as superficies das placas de Petri de 10 cm, contendo
20 mL de meio Mueller-Hinton (Himedia®) para bactérias e agar Sabouraud
para fungos (Himedia®). Apdés 5 minutos para secagem dos indculos
bacteriano e das leveduras, foram feitos orificios de 6 mm de didmetro, com
auxilio de um perfurador cilindrico de aco inox. Em um dos orificios foi colocado
50 pL do antibidtico gentamicina na concentracdo de 200 pg/mL para as
bactérias e do antifingico miconazol na concentracdo de 1000 pg/mL para os
fungos leveduriformes como controles positivos. Nos demais orificios foram
depositados 50 puL das amostras testadas, fragdes, extrato bruto e acido Usnico
nas concentracdes apresentadas na Tabela 1, e 50 uL de DMSO como controle
negativo para as bactérias. Apos a incubacédo das placas, por 12 h, em estufa a
37 °C, o resultado da susceptibilidade aos produtos foi expresso em termos de
tamanho de diametro, em milimetros, dos halos de inibicdo do crescimento dos
microorganismos medidos com auxilio de um paquimetro e transformado em
taxa de mortalidade expressos em porcentagem. Os resultados do teste de
susceptibilidade foram interpretados de acordo com a tabela de zonas de
inibicAo baseada em *Performance Standards** for Antimicrobial Disck

Suscetibility Tests* (Laborclin, Parana, Brasil).
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2.4.3. Método em meio liquido

Este ensaio seguiu a metodologia proposta por Balaban e
colaboradores.”® A andlise foi realizada utilizando-se 170 pL do meio de
cultura, 20 pL do in6culo e 10 pL de amostra (extrato, fracdes e do acido
asnico) e o tratamento controle negativo com 180 pL de meio de cultura e 20
UL de inoculo. O in6culo foi preparado como descrito anteriormente. Em
seguida uma colbnia foi retirada da placa e colocada em 2 mL de solucdo
salina (0,85 %0 e padronizado em densimat. Os tratamentos ficaram em estufa
a 37 °C e 30 °C para bactérias e fungos, respectivamente. Apos o periodo de
incubacdo, 50 puL das suspensfes das suspensdes dos indculos microbianos
cultivados com as amostras e o controle foram semeados na superficie do meio
de cultura, com o auxilio de swabs estéreis. Em seguida foram incubados por
12 horas. Todos os experimentos foram realizados em triplicata. Apds 24 horas
foi avaliado o crescimento das colonias bacterianas e das leveduras,
observando-se a concentragdo minima inibitéria (CMI), ou seja, o crescimento
das colbnias na faixa de 30 a 300 col6nias e avaliado como efeito de inibic&o
do crescimento das colénias. Nas placas com crescimento microbiano, utilizou-
se um contador de colonias CP 600 modelo Phoenix. Este procedimento
conduziu as amostras testadas a concentracbes finais apresentadas nas

tabelas 2 e 3.

3. Resultados e Discussao

3.1 Ensaios em meio solido

Nos ensaios realizados com as amostras de Ramalina usnea em meio
sélido com trés linhagens ATCC de bactérias Staphylococcus aureus e
Burkholderia cepacia ATCC 25416, houve presenca de inibicdo semelhante ao
do controle gentamicina com o extrato metandlico para S. aureus ATCC-33591,
mas numa concentracao bem superior. As fracdes testadas para essa linhagem
LM7-18 e LM7-26 apresentaram boa inibicdo. Para as linhagens ATCC 25923 e
66- cepa clinica, entre as fragdes, a melhor inibicédo foi da fracdo LM7-21-39. O
mesmo ocorreu frente a bactéria B. cepacia, em que todas as amostras

testadas tiveram inibicdo menor que o do controle, mas a fracdo LM7-21-39
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apresentou melhor inibicdo. O &cido Usnico, ndo produziu inibicdo para

nenhuma bactéria, por isso ndo foram realizados testes em meio liquido.

Tabela 1. Porcentagem de inibicdo (%) com as bactérias S. aureus ATCC (33591,
25923 e 66 — cepa clinica) e B. cepacia ATCC 25416 utilizando extrato metandlico,

fracdes e acido Usnico obtidos do fungo liquenizado Ramalina usnea e controle.

Nome S. aureus ATCC B. cepacea ATCC Concentragéo
33591 25923  66-Cepa 25416 (Mg/mL)
clinica
Ext. MeOH 100 74 86 79 12.000
LM7-18 90 * * * 4.000
LM7-26 90 64 65 76 11.000
LM7-21-39 * 66 68 77 800
LM7-21-1 * 55 58 67 800
LM7a-107 * 59 59 65 1.700
Ac. Gsnico 0,0 0,0 0,0 0,0 1.200, 1.500, 1.600
DMSO 0,0 0,0 0,0 0,0 P.A
Gentamicina 100 100 100 100 200

*Amostras nao testadas

3.2 Ensaios em meio liquido

Na tabela 2 s&o apresentados os dados de inibicAo dos ensaios
realizados em meio liquido com as bactérias S. aureus ATCC 33591 e B.
cepacia ATCC 25416 com o extrato MeOH e fracdes. Observa-se que entre as
amostras testadas com S. aureus a melhor inibicdo ocorreu com a fracdo LM7-
21-39 com concentragcdo de 40 pg/mL, inibiu 100% das colonias. Com a
bactéria B. cepacea, as duas amostras testadas inibiram 100% das colbnias,
mas a fracdo LM7-21-1 inibiu com a metade da concentracao da fracdo LM7a-
107.
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Tabela 2: Dados do efeito de inibicdo em meio liquido com as bactérias S. aureus
ATCC 33591 e B. cepacea ATCC 25416 com o extrato metandlico e frages do fungo

liguenizado Ramalina usnea e controles.

Nome S. aureus ATCC 33591  B. cepacea ATCC 25416 Conc. (pg/mL)
*

Ext. MeOH 100% 570
Ext. MeOH 100% * 120
Ext. MeOH + 300 colbnias * 60
LM7-26 100% * 570
LM7-26 100% * 170
LM7-26 + 300 colbnias * 60
LM7-21-39 100% * 40
LM7-21-39 Nao inibiu * 20
LM7a-107 * 100% 80
LM7-21-1 * 100% 40
DMSO Nao inibiu Nao inibiu P.A
Gentamicina 100% 100% 10

*Amostras ndo testadas

E importante destacar que as amostras que apresentaram resultado
como +300 colbnias, significa que na contagem do namero de colénias houve
crescimento de um numero maior que 300 colbnias, tendo a amostra com esse
tipo de resultado pouca inibicdo nessa concentracdo testada. O ideal € que
fiqgue entre 30 e 300 col6nias para se obter o valor da concentracdo minima
inibitéria (CMI).

Os experimentos realizados com os fungos, Candida albicans ATCC
10231 e Candida glabrata foram testados com cinco fracdes: LM7-21-39, LM7-
26, LM7-18, LM7-21-1 e LM7a-107 e o extrato MeOH, mas n&o houve inibicdo
com nenhuma dessas amostras. Enquanto que com Candida tropicalis ATCC
28707 e Candida kefyr ATCC 4135, foram testadas somente com o acido
asnico em diferentes concentraces. Observou-se que essas leveduras foram
bastante sensiveis ao acido Usnico, ja que C. tropicalis teve inibicdo total até
15 pg/mL de concentracdo. E possivel notar que a concentracdo minima
inibitéria para esta bactéria deve encontrar-se entre 10 e 15 pg/mL, enquanto
que para C. kefyr a CMI deve encontrar-se entre 40 e 60 pg/mL (Tabela 3). Os
experimentos ja realizados para encontrar a CMI de C. kefyr encontrou o valor
de 38,5 pug/mL.
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Tabela 3: Dados de inibicdo dos fungos C. albicans ATCC 10231, C. tropicalis ATCC
28707 e C. kefyr ATCC 4135 com o extrato, fragbes e o acido Usnico do fungo
liguenizados Ramalina usnea

Nome C. albicans ATCC  C. tropicalis ATCC  C. kefyr ATCC Conc.
10231 28707 4135 (ug/mL)
Ext. MeOH Nao inibiu * * 570
LM7-26 N&o inibiu * * 570
LM7-21-39 N&o inibiu * * 40
LM7-18 Nao inibiu * * 200
LM7a-107 N&o inibiu * * 80
LM7-21-1 N&o inibiu * * 40
Ac. Usnico * 100% 100% 80
Ac. Usnico * 100% 100% 75
Ac. Usnico * 100% 100% 60
Ac. Usnico * * +300 coldnias 40
Ac. Usnico * 100% 15
Ac. Gsnico * + 300 coldnias 10
DMSO Na&o inibiu N&o inibiu N&o inibiu P.A
Miconazol 100% 100% 100% 10

*Amostra ndo testada

O trabalho realizado por Eisimone e Adikwu®’ mostrou a atividade
antimicrobiana de trés extratos organicos (EtOH, CHCI; e n-hexano) do liquen
R. farinacea contra quatro bactérias, duas Gram (+) S. aureus e Bacillus subtilis
e duas Gram (-) Pseudomonas aeruginosa e Salmonella typhimurium e trés
fungos, C. albicans, Trychophyton rubrum e Trychophyton mentagrophytes
(C.P.Robin) Sabour. Todos os extratos inibiram todos os microrganismos. A
concentracdo minima inibitéria dos extratos variou entre 159 e 641,81 pg/mL
para as bactérias e entre 161,64 e 190,66 ug/mL para os fungos, ambos para o
extrato etandlico.

Falcdo e colaboradores'’ estudaram o efeito antimicrobiano do liquen
Heterodermia leucomelo (L.) Poelt obtendo inibicdo contra as bactérias Gram
(+) S. aureus e B. subtilis e duas espécies de fungos leveduriformes do género
Candida, C. parapsilosis (Ashford) Langeron & Talice e C. albicans, porém néo
encontraram efeito de inibicdo nas Gram (-) E. coli, Klebsiella pneumoniae e P.
aeruginosa.

Tay e colaboradores™ avaliaram a atividade antimicrobiana do extrato
em acetona e de trés substancias, os acidos (+)- Usnico, norstitico e
protocetrarico do liquen R. farinacea contra 13 bactérias, sendo oito Gram (-) e
cinco Gram (+) e dois fungos, C. albicans e C. glabrata. Das bactérias Gram (-)
Yersinia enterocolitica e Proteus vulgaris foram inibidas pelo extrato e pelo

acido usnico, enquanto o acido norstitico inibiu Aeromonas hydrophila e P.



135

vulgaris. Entre as bactérias Gram (+) B. subtilis, Listeria monocytogenes, S.
aureus e Streptococcus faecalis foram inibidas pelo extrato e pelos acidos
asnico e norstitico. Somente B. cereus nao foi inibida por nenhuma amostra
testada. Os fungos foram inibidos por todas as amostras testadas. O &cido
protocetrarico nao inibiu nenhuma bactéria.

Cansaran e colaboradores®® analisaram o &cido Usnico de cinco
espécies de liguens do género Ramalina por HPLC e investigaram a atividade
antimicrobiana dos extratos em acetona dessas espécies contra trés bactérias
Gram (-), Proteus mirabilis, P. aeruginosa e E. coli e quatro Gram (+),
Enterococcus faecalis, S. aureus, B. subtilis e B. megaterium. Os dados
mostraram que entre as Gram (-), P. aeruginosa nao foi inibida por nenhum dos
extratos testados, por outro lado P. mirabilis e E. coli foram inibidas por extratos
de duas e trés espécies de Ramalina, respectivamente. Entre as bactérias
Gram (+), S. aureus nao foi inibida por nenhum extrato, B. subtilis foi inibida por
todos os extratos, B. megaterium sé nao foi inibida pelo extrato de R. fraxinea e
E. faecalis ndo foi inibida pelas espécies R. polymorpha, R. fraxinea e R.
pollinaria.

Os dados descritos na literatura sustentam e corroboram alguns dos
resultados obtidos nessa pesquisa. Da andlise do extrato MeOH, fracbes e do
acido usnico frente aos microrganismos testados, verifica-se que o extrato
MeOH e as fracdes inibiram as linhagens das bactérias S. aureus e também B.
cepacea nos testes em meio sdlido. Entretanto o acido Usnico néo inibiu
nenhuma das bactérias testadas em nenhuma das concentracdes, diferente
dos resultados obtidos por Tay,*® em que o &cido Usnico inibiu S. aureus numa
concentracéo de 50 pg/mL. Lauterwein® também menciona que o acido Usnico
nao inibe fungos, enquanto os resultados obtidos nessa pesquisa e de outros
estudos, como Tay et al,*® Esimone e Adikwu®’ e Falcdo e colaboradores®’
mostram o contrario. Logo, observa-se que ndo existe uma conformidade nos
resultados de todas as pesquisas tanto para os testes com bactérias quanto

com fungos.
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4. Conclusdes

Os resultados obtidos em meio liquido foram significativamente
melhores do que os do meio solido. Para S. aureus observa-se que a
concentracdo minima inibitéria (CMI) do extrato metandlico deve encontra-se
entre 60 e 120 pug/mL, a da fracdo LM7-26 entre 60 e 170 ug/mL e a da fracéo
LM7-21-39 entre 20 e 40 pg/mL, apresentando boa atividade para esse
microorganismo.

Para a bactéria B. cepacea as fracOes testadas LM7a-107 e LM7-21-1
também obtiveram um oOtimo resultado, com 100% de inibicdo em baixa
concentracédo, 80 e 40 pg/mL, respectivamente .

Com o fungo C. albicans aconteceu o contrario, nenhuma fracdo e nem
0 extrato bruto produziu inibicdo. O acido usnico inibiu totalmente C. tropicalis a
15 pg/mL e C. kefyr a 60 pg/mL, onde a concentracdo minima inibitoria (CMI)
encontra-se entre 40-60 pg/mL para C. kefyr e 10-15 pg/mL para C. tropicalis.
Algumas das fra¢des que apresentaram elevado potencial antibacteriano como
a LM7-21-39 ja foi trabalhada para promover o isolamento e identificacdo dos
metabalitos responsaveis pela atividade. Os resultados serdo apresentados em
artigos que serdo publicados posteriormente. O extrato do liqguen Ramalina
usnea, as fracdes testadas e o composto isolado acido Usnico, como outras
substéancias isoladas e espécies do género Ramalina mostraram ter um étimo

potencial como agente antimicrobiano.
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Table 1. Dados das andlises espectroscopicas de RMN - 'H e *C mono e bi-
dimensionais ("Jcy, N=1, 2, and 3) do acido Gsnico em CDCl;, com deslocamentos
guimicos (6) em ppm e cosntantes de acoplamentos (J) em Hertz

LM6-2-7: Usnic acid

HSQC HMBC
C Oc On 2JCH 3JCH
1 198.1 - 3H-10
2 105.2 - H-4; 3H-12
3 191.8 - H-4
4a 179.3 - H-4 3H-10
52 155.2 -
6 101.5 - HO-7; 3H-15
7 163.9 - HO-7 3H-13
8 109.3 - 3H-13 HO-7; HO-9
9 157.5 - HO-9 3H-13
92 104.0 - HO-9; 3H-10
9b 59.1 - 3H-10 H-4
11 201.8 - 3H-12
14 200.4 - 3H-15
CH
4 98.4 6.05 (s)
CHs
10 31.9 1.79 (s)
12 27.9 2.68 (s)
13 7.9 2.08 (s)
15 29.4 2.71 (s)
HO
7 - 13.34 (s)
9 - 11.06 (s)
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*** CLASS-5000 *** Report No. = 1 Data : LM62_19.D01
Sample : 1m62_19
ID : 1m62_19
Sample Amount : 0
Dilution Factor : O
Type :
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Method File Name : ALK2.MET
Vial No. s 0
Barcode :
| TIC . 433323
| |
| |
‘ 1
1
8 ‘ 9 10 11 12 13
Scan # : 1254 B.G. Scan # : ( 1140 - 1228 )
Mass Peak # : 376 Ret. Time : 13.442
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Figura 7. Cromatograma e espectro de massas do composto acido usnico.
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C1gH1607
m/z 344
(calc m/z 344.0896)

LM-6/2-19 1
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Figura 8. Proposta do mecanismo de formagéao dos prinipais fragmentos de massa do
composto acido Usnico.
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4. RESUMO E CONCLUSOES

O estudo da espécie Ramalina usnea possibilitou comprovar que esta
espécie apresenta propriedades biologicas semelhantes as demais espécies do
género relatadas na literatura.

Foi possivel verificar que o género Ramlina € composto por 246
espécies contudo somente cerca de 118 espécies, 47% do total, teve algum
estudo quimico ou de atividade biolégica. Foram identificados 153 compostos,
mas somente 27 deles, cerca de 18% tiveram algum estudo de atividade
biologica.

O acido usnico foi o composto com a maior quantidade de pesquisas, e
nas pesquisas envolvendo atividade bioldgica ou farmacoldgica, quase sempre
ele apresentou excelentes resultados nas atividades testadas.

Apesar de poucas espécies deste género terem sido testadas para suas
propriedades biolégicas, cerca de 13 espécies, 0s resultados obtidos dos
extratos, fracdes e compostos isolados apresentaram resultados satisfatorios
nas atividades antitumoral, anti-inflamatéria, antimicrobiana, inseticida, antiviral
entre outras.

Desta forma verifou-se que o género Ramalina e suas espécies sao
fontes promissoras de compostos bioativos que precisam de mais pesquisas,
principalmente daquelas espécies pouco ou ndo estudadas, bem como ampliar

a gama de atividades farmacolégicas ainda nao testadas.
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Os resultados dos testes de atividade larvicida contra as larvas de
terceiro instar do mosquito Aedes aegypti apresentaram boa atividade do
extrato e de fragbes, no entanto, os compostos testados tiveram atividade
larvicida mais expressiva, com valores baixos das concentracoes letais 50%,
de 4,850 e 4,475 pg/mL para os compostos 2-hidréxi-4-metoxi-6-propil-
benzoato de metila e &cido Usnico, respectivamente. Apesar dos baixos valores
encontrados, a literatura mostra que os compostos liquénicos possuem alta
atividade larvicida, ja que valores menores foram apresentados para atividade
com outros insetos que nao o A. aegypti.

Este € o primeiro trabalho realizado sobre atividade larvicida com o
composto 2-hidroxi-4-metoxi-6-propil- benzoato de metila até o presente
momento. Esse composto também néo foi descrito em nenhuma espécie do
género Ramalina até o momento.

Os resultados dos testes da atividade antimicrobiana do liqguen Ramalina
usnea mostraram que o acido Usnico nao inibiu o crescimento de nenhumas
das basctérias testadas em nenhuma das concentracdes utilizadas, mas inibiu
100% o crescimento dos fungos Candida tropicalis e Candida kefyr em
concnentragdes baixas. Ao contrario do &cido Usnico, as fragfes ndo inibiram
os fungos mas inibiram as bactérias, em alguns casos 100% de inibicdo em
baixa concentracdo. A fracdo LM7-21-39 foi a que apresentou melhor inibicdo
de Staphylococcus aureus e Burkholderia cepacia.

Esta espécie de liquen apresenta um forte potencial antimicrobiano,
possuindo compostos em suas fragcdes que podem inibir fungos e bactérias em

baixas concentracgdes.
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PESPECTIVAS FUTURAS

Resultados dos Testes Antineoplasicos

Foram realizados os ensaios de citotoxicidade celular através do método
de MTT ([3-(4,5- dimetiltiazol-2-il)-2,5-difenil brometo de tetrazdlio]) com as
células leucémicas humanas (THP-1, U937, MOLT-4 e JURKAT), pulméao
(H460), melanoma humano (SK-mel5) e cdélon (COLOZ205), adquiridas da
American Type Culture Collection (ATCC), para as amostras S1(acido usnico) e
S2 (fragdo LM7-21-39) e o controle negativo, 0 composto cis-platina, usado
comercialmente para diversos tipos de cancer. Os resultados obtidos s&o
representados pelo indice de citotoxicidade 50% (ICsp), ou seja, a concentracao
capaz de matar ou reduzir a viabilidade celular em 50%. A ICs, foi determinada
a partir das curvas dose resposta obtidas utilizando o programa GraphPad
Prism versao 5.0 e a Tabela 1 apresenta os resultados de ICs obtidos.

Tabela 1: indice de citoxicidade 50% (ICs;) em pmol/L dos compostos S1 e S2 e da
cis-platina

Colo205 H460 U937 THP-1 Molt-4 SK-MEL-5
s1 65 31 10 20 >100 13
S2 >100 > 100 35 > 100 90 74
Cis-platina 16 38 16 12 14 39
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O composto acido usnico (amostra S1), apresentou otimo indice de
citotoxicidade frente a trés linhagens de células, sendo melhor que o proprio
controle, e muito boa citotoxidade frente a outras duas células. J4 a fracédo
LM7-21-39 (amostra S2) apresentou boa citotoxicidade frente a uma linhagem
de célula e razoavel citotoxicidade frente a duas outras linhagens de células,
mostrando que essas amostras sdo promissoras na busca por novos agentes

antineoplasicos.



