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RESUMO

O liquen Cladonia verticillaris apresenta metabdlitos secundérios bioativos como o0s
acidos fumarprotocetrarico (FUM) e protocetrarico (PRO). O género Cladonia apresenta
atividade antitumoral, antiinflamatéria, antipirética e € utilizada na medicina popular para
tratar doencas do trato respiratério (irritacdo da garganta, tosse, asma e tuberculose).
Este trabalho teve como objetivo avaliar a atividade expectorante/mucolitico e
antioxidante do acido fumarprotocetrarico em camundongos swiss albino. Métodos: O
FUM foi extraido e purificado a partir do extrato acetdnico de C. verticillaris. A fim de
avaliar a atividade expectorante do FUM foi utilizado o método de quantificacdo de
vermelho de fenol no lavado broncoalveolar. Quando este € administrado por via
intraperitoneal em camundongos swiss. Os animais foram tratados com FUM (25, 50 ou
100 mg/kg por via oral ou intraduodenal e 12,5, 25 ou 50 mg/kg, por via intraperitoneal.
Os grupos controles receberam pelas mesmas vias solucdo salina a 7,5 mL/kg ou
ambroxol 1 mg/kg). A atividade antioxidante foi avaliada pelo método acido
tiobarbitdrico (TBARS) em tecido pulmonar dos camundongos, tratados com o FUM a
25, 50 ou 100 mg/kg por via oral), depois de receber a solugdo de LPS a 1 mg/kg via
intrapleural. O mesmo protocolo foi adotado para os grupos controles (salina 7,5 mL/kg,
por via oral ou N-acetilcisteina, 20mg/kg, por via oral). Resultados: O FUM em doses de
25 e 50mg/kg, administrada por via oral, promoveu um aumento dose-dependente do
vermelho de fenol na lavagem broncoalveolar. A peroxidagéo lipidica (MDA medidos
como equivalentes) foi reduzida em 50% em tecido pulmonar. Conclusao: Os resultados
confirmam as propriedades expectorantes e antioxidantes do acido fumarprotocetrarico

produzido pelo liguen Cladonia verticillaris.

Palavras-chave: Ambroxol. N-acetilcisteina. Liquen. Antioxidante.



ABSTRACT

The lichen Cladonia verticillaris produce bioactive secondary methabolites as the acids
fumarprotocetraric (FUM) and protocetraric (PRO). The Cladonia genus has
demonstrate antitumoral, antiinflamatory and antipiretic activities and used in folk
medicine to treat respiratory deseases (troat irritation, cough, asthma and tuberculosis).
This work had the objective to evaluate the expectorante/mucolytic and antioxidant
activity of the fumrprotocetraric acid in albino swiss mice. Methods: the FUM was
extracted and purified from the acetonic extract of C. verticillaris. In order to evaluate the
expectorante activity of FUM was used the phenol red method in quantitative scale in
the no bronchoalveolar lavage fluid.When administered intraperitoneally in swiss
mice.The animals were treated with FUM (25, 50 ou 100 mg/kg orally or intraduodenal
and 12,5, 25 or 50 mg/kg, intraperitoneally) The control groups receive by the same via
saline solution of 7,5 mL/kg or ambroxol 1 mg/kg). The antioxidante activity was
evaluated with the TBARS method in pulmonar mouse tissue treated with the FUM at
25, 50 or 100 mg/kg orally) after receiving the LPS solution at 1 mg/kg intrapleural via.
The same protocol was adopted to the control groups (salina 7,5 mL/kg, orally or N-
acetilcisteine, 20mg/kg, orally). Results: The FUM in doses of 25 and 50mg/kg,
administered orally, promoted increased dose-dependent of phenol red in the
bronchoalveolar lavage. Lipid peroxidation (MDA measured as equivalent) was reduced
by 50% in lung tissue. Conclusion: The results confirm the expectorant properties and

antioxidants fumarprotocetraric acid produced by the lichen Cladonia verticillaris.

Keywords: Ambroxol. N-acetilcisteina. Lichen . Antioxidant.
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1 INTRODUCAO

Atualmente é crescente o interesse da sociedade pela utilizacdo de fitoterapicos
para o tratamento de uma grande diversidade de enfermidades, devido também, ao
baixo custo desses produtos. A busca por novos agentes naturais pode gerar uma
diversidade estrutural superior do que a quimica sintética convencional e que pode
oferecer oportunidades significantes para a descoberta de novos compostos (BINDSEIL
et al., 2001). O Brasil, com grandeza de seu litoral, de sua flora e sendo detentor da
maior floresta equatorial e tropical umida do planeta, nao pode abdicar de sua vocacao
para os produtos naturais.

O liquen Cladonia verticillaris, comum no Nordeste brasileiro, contém como
compostos principais os &cidos fumarprotocetrarico e protocetrarico que demonstrou
acdo antitumoral (SANTOS et al, 1997), antiinflamatéria aguda e crbnica,
antinociceptiva e antipirética (SANTOS, 2003). No entanto 0 mesmo possui composicao

quimica semelhante a C. islandica.

Através dos anos, os liquens tém sido utilizados com varios propésitos, como
corantes, perfumes e medicamentos na medicina popular (MULLER, 2001). Em muitos
paises da Europa, o liqguen Cetraria islandica é uma espécie também usada para tratar
irritacdo da garganta laringite, tosse e afeccbes do trato respiratério na forma de
xaropes expectorantes e pastilhas (INGOLFSDOTTIR, 2000).

As doencas respiratérias constituem importante causa de mortalidade em adultos
e criancas no mundo. Segundo dados da Organizacdo Mundial de Saude (2004, 2005),
estas doencas representam cerca de 8% do total de mortes em paises desenvolvidos e
5% em paises em desenvolvimento. Estima-se que quatro milhdes de pessoas com
doencas respiratdrias crénicas (DRC) podem ter morrido prematuramente em 2005 e as
projecdes sdo de aumento consideravel do numero de mortes no futuro. Como

estratégia para enfrentar esse problema de saude no plano mundial, a OMS criou a
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Global Alliance Against Chronic Respiratory Diseases (BRASIL. Ministério da Saude,
2010).

Os expectorantes sdo usados para aliviar a tosse, aumentando a secrecdo das
vias respiratorias, reduzindo a viscosidade tornando-a mais eficaz. O campo de
medicamentos para o tratamento da tosse é relativamente escasso. O obstaculo para a
investigacdo neste campo é a dificuldade de coleta de amostras do muco, uma vez que
a producdo deste € relativamente baixo em individuos sadios (KAGAN; LAVY;
HOFFMAN, 2009).

Em virtude do exposto acima, levando em consideracdo a comprovada eficacia
das substancias liguénicas, notadamente do acido fumarprotocetrarico e a
disponibilidade de espécies produtoras deste composto, torna-se viavel esta pesquisa
da acdo da atividade mucolitica e antioxidante.
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2 REVISAO DE LITERATURA

2.1 Liguens: generalidades

Os liguens séo organismos resultantes da associacdo simbidtica entre um fungo
(micobionte) e uma ou mais espécies de algas (fotobionte) para formar um talo no qual
o fungo é exohabitante (HARKSWOTH; HILL, 1984). A simbiose entre estes organismos
distintos, onde a alga, que é clorofilada e, portanto, capaz de realizar a fotossintese e o
fungo, aclorofilado e heter6trofo, conferem ao liguen um funcionamento ndo observado
em nenhum outro grupo taxondmico (NASH Ill, 1996; CONTI, 2001).

As algas dos liqguens sdo unicelulares pertencentes as divisdes
Chlorophycophyta e Cyanophycophyta. Os fungos, ou micobiontes, sdo na maioria
Ascomycota e em menor propor¢cao Basidio e Deuteromycota, formadores dos Asco,
Basidio e Deuteroliquens (XAVIER-FILHO; RIZZINI, 1976; ALEXOPOULOS, 1979). A
associacdo entre a alga e o fungo propicia a transferéncia de nutrientes entre os
organismos, mantendo o equilibrio de carbono, hidrogénio e outros elementos vitais
(SEAWARD, 1977).

A morfologia do liquen é baseada na organizacéo do talo liguénico em camadas
bem definidas, onde o cértex superior € constituido por hifas entrelacadas do fungo,
possibilitando protecdo a camada de algas que esta posicionada logo abaixo, protegida
por um feixe de hifas frouxas, a medula, seguida de um outro feixe de hifas, o cétex
inferior (Figura 1) (HALLE-Jr., 1983). O talo do liguen pode se apresentar de cores e
formas variadas, a depender da espécie e das substancias que ele contém
(THOMSON; PAVIA; MCNICOI, 1973).
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Figura 1- Modelo esquemético da anatomia de um talo liquénico.
A-Alga; B-Hifas medulares; C—Hifas corticais

Fonte: Pereira (1998)

O talo foliaceo ou folhoso é semelhante a uma folha sobre um substrato, e dele
se destaca com facilidade, enquanto o talo crustaceo se impregna no substrato como
se fosse uma mancha nele, sendo impossivel destaca-lo. O talo arbustivo ou fruticoloso
apresenta, como sugere o nome um arbusto, e pode ser ereto ou decumbente
semelhante a uma planta epifita. Como substrato os liguens habitam desde rochas dos
mais diversos tipos, a madeira queimada em decomposi¢ao, troncos vivos, folhas, solo,
entre outros (SEAWARD, 1977; FEIGE; KREMER, 1979). Eles ocorrem também em
condicdes ambientais naturais, variadas tais como temperaturas baixas, escuridao
prolongada, seca e luz continua. No entanto, em resposta a essas condi¢cdes extremas,
os liquens produzem substancias caracteristicas em boas concentragfes, tais como
depsideos, depsidonas, dibenzofuranos, antraquinonas e acidos graxos entre outros
(SCHMITT; LUMBSCH, 2004).
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2.2 Substancias liquénicas

No metabolismo primario, a fotossintese da alga liquénica fornece os hidratos de
carbono necessarios para o inicio da nutricdo, e todas as reacdes metabdlicas do
liguen. Estes aguUcares séo repassados ao fungo, que ndo tém capacidade de sintetiza-
los, e a partir desse transporte sé&o sintetizadas as substancias liquénicas, produtos
finais do metabolismo secundario Unicas desses seres, tais como, as depsideos e
depsidonas (CULBERSON, C.; CULBERSON, W.; JOHNSON, 1977; MACFARLANA;
KERSHAW, 1978; NASH IlI, 1996).

As substancias liguénicas ao serem sintetizadas no interior do fungo, séo
excretadas sob a forma de cristais, que de acordo com sua cor, transparéncia e forma,
captam a radiacdo solar, selecionando o que lhe é Gtil. Em climas aridos e semi-aridos
estes cristais funcionam como impermeabilizantes evitando a perda de umidade. Por
este motivo, as substancias liquénicas tém papel importante no mecanismo de
adaptacao do liquen aos ambientes mais diversos (LAWREY, 1986; PEREIRA, 1998).

Os liguens produzem substancias resultantes do metabolismo secundério,
denominadas substéncias liquénicas, antigamente designadas como “acidos
liquénicos”. Atualmente sabe-se que sua natureza € quase na totalidade fendlica e sao
essas substancias responsaveis pela maioria dos beneficios dos liquens, tais como o
antitumoral, antioxidante, antimicrobiana entre outros (XAVIER FILHO; RIZZINI, 1976).
A producdo das substancias liquénicas se da por trés vias biossintéticas: a) acetato
polimalonato, que forma os &cidos graxos, depsideos, depsidonas, quinonas e
debenzofuranos; b) acido chiquimico que forma os pigmentos amarelos (compostos
aromaticos) e c¢) acido mevalbnico que origina os terpendides e esteroides. Sdo ainda
relatadas as vias dos aminoacidos e carboidratos verificando-se, nesta ultima, a
biossintese dos sacarideos e polidis. Por outro lado, a maioria dos metabdlitos
secundarios tém origem biossintética na via acetato polimalonato e, perfazem cerca de
10% do peso do talo seco (HALE-Jr., 1983; XAVIER-FILHO, 1989; NASH IIl, 1996).
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2.3 Atividade bioldgica dos liqguens

Os liguens séo utilizados pela populacdo de diversas partes do mundo como
plantas medicinais e por produzirem substancias oloriferas (6leos essenciais), ou
produtos de degradacao que geram perfumes muito apreciados. Evernia furfuracea era
empregada para embalsamar cadaveres no Egito antigo. Fragmentos deste liquen
foram encontrados em um vaso da 172 dinastia egipcia, aproximadamente no século
XVIl a.C. Os liquens na medicina popular, eram designados como “liquens verdadeiros”
aqueles que Dioscorides, cirurgido do exército de Nero, indicava para tratamento de
doencas, de acordo com a semelhanca que tivessem com a enfermidade, ou os érgaos
afetados. Esta era a “Doutrina dos Sinais” (HALE-Jr., 1983).

Outros liguens como Lobaria pulmonaria e Cetraria islandica também sé&o
relatados para uso medicinal desde o século XVII, sendo incluidos em inameras
farmacopéias até o século passado. O uso de Usnea longissima como expectorante e
para o tratamento local de ferimentos € relatado na China. Além disso, ha relatos que
Usnea sp é usado a mais de 50 anos com sucesso para o tratamento da tuberculose.
Na Finlandia, o extrato aquoso a quente obtido dos chamados musgos das renas
(Cladonia alpestris, C. rangiferina ou C. sylvatica) é tradicionalmente usado como

medicamento para tuberculose (HALE-Jr., 1983).

A Cladonia verticillaris pertencente a classe dos Ascomycetos, ordem
Lecanorales e familia Cladoniaceae, foi classificada por Vanio em 1894, o qual a
designou cladoniforme (AHTI; XAVIER-FILHO, 1993; NASH Ill, 1996). No talo de C.
verticillaris ja foi detectada a presenca de varios compostos, entre eles o orcinol, B-metil
orcinol, atranorina, os acidos evérnico, protocetrarico e fumarprotocetrarico (XAVIER-
FILHO et al., 1984; PEREIRA, 1989), além dos produtos intermediarios da biossintese
deste penultimo, como acido hipoprotocetrarico e seu aldeido (AHTI; XAVIER-FILHO,
1993; PEREIRA et al., 1999).
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Os &cidos fumarprotocetarico (FUM), protoliquesterinico, a a-metileno-y-lactona,
e o B-metil-orcinol sdo considerados os metabdlicos secundarios com maior atividade
bioldgica da C. Islandica (OGMUNDSDOTTIR et al., 1998). O FUM produzido apenas
por liquens é classificado como depsidona. Este composto liquénico possui dois anéis
aromaticos (A e B) e um heterociclo resultante de uma ligacao éter e éster (Figura 2A).
O FUM possui no anel B uma molécula de acido fumarico adicionada por reacdo de
esterificacao direta do grupo —CH,OH acido protocetrarico (PRO) (Figura 2B) (HONDA;
VILEGAS, 1998).

| COOCCH=CHCOOH

(B)

Figura 2 - Férmulas estruturais dos Acidos fumarprotocetrarico (A)
e do protocetrarico (B)
Fonte: Pereira (1998)

As depsidonas derivadas do liquen C. verticillaris que ddo origem aos acidos
fumaprotocetrarico e protocetrarico mostram-se efetivas como fotoprotetores
(FERNANDEZ et al., 1996); como inibidores da integrase do HIV-1, que é uma enzima
responsavel por inserir o DNA viral no cromossomo do hospedeiro (NEAMATI et al.,
1997) e como inibidores da lipoxigenase-5 de leucdécito de porco, que é uma enzima

responsavel por catalisar o primeiro passo da transformacéao do acido araquidénico em
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leucotrienos, desempenhando importante funcdo em uma variedade de processos
patofisiolégicos em humanos, particularmente nos inflamatérios (INGOLFSDOTTIR et
al., 1996).

2.4 Produtos naturais e os fa&rmacos sintéticos

A Medicina Tradicional Chinesa (MTC) é uma das alternativas a qual utiliza,
ervas medicinais ha centenas de anos para tratar doencas respiratérias, com menos
efeitos colaterais quando comparada com os farmacos sintéticos (SHANG et al., 2010).
Por isso, é importante pesquisar novos produtos bioativos para o tratamento da tosse
através da MTC (AKAH et al., 2003; CHU et al., 2007; YANG et al., 2008). A tosse € um
dos sintomas comuns associados com muitas doencas respiratérias como: asma,
bronquite crénica, pneumonia, dentre outras (IRWING; MADISON, 2000); (GE; LIU; SU,
2009). Atualmente, a tosse pode ser controlada através da utilizacdo de farmacos
especificos. Por este motivo, h4 uma crescente demanda no que concerne a pesquisa

de novos farmacos, para o tratamento da tosse e de suas complicacoes.

O Ambroxol (trans-4-{(2-amino-3,5-dibromofenil-metil) - amino} - ciclohexanol).
(Figura 3a) é um expectorante de estimulacdo brdonquica, que estimula a sintese e
secrecdo de particulas do surfactante pulmonar. Este farmaco é um metabdlito da
bromexina (NOWAK et al., 1994) que promove muco intratraqueal. Além da atividade
farmacoldgica, o ambroxol € conhecido como um agente antioxidante e para deprimir a
quimiotaxia e a producgédo de radicais livres e citosinas em macrofagos ativados (YANG
et al., 2002).

N-acetilcisteina (NAC) (Figura 3b) € considerado um importante agente
terapéutico sendo normalmente utilizado na pratica clinica. E um dos compostos mais
amplamente investigados e tem efeitos benéficos em condi¢des clinicas em que os
radicais livres estdo envolvidos (CORTIJO et al., 2001; SERRANO et al., 2002;
HAGIWARA,; SHII; KITAMURA, 2000; YILDIRIM et al., 2005). O efeito potencial de NAC
reduz H,O,, alterando o equilibrio pulmonar oxidante-antioxidante (MACNEE, 2001). O
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uso de NAC sozinho podem ter limitacdes ou apresentar efeitos pro-oxidantes, devido a
facilidade com que ele interage com o ferro (RITTER et al., 2004). Diante disso, a
utilizacdo de um quelante de ferro pode melhorar a resposta a utilizacdo do NAC
(PINHO et al., 2005).

A Guaifenesina (Figura 3c) € um expectorante amplamente utilizado por via oral
originalmente aprovado pelo Food and Drug Administration em 1952. E comum o seu
uso para tratar a tosse e infec¢des do trato respiratorio superior. No entanto, o beneficio
clinico da guaifenesina ndo estéd elucidado e os resultados de estudos clinicos s&o
controversos. Robinson et al. (1977) relataram que guaifenesina foi superior ao placebo
na melhora da gravidade e frequéncia da tosse causada por infeccdo respiratoria
superior (ROBINSON; CUMMINGS; DEFFENBAUGH, 1977). Em contraste, Kuhn et al.
(1982) ndo encontraram qualquer beneficio do tratamento da guaifenesina nesta
condicdo. Thomson, Paiva e Mcnicoi (1973) relataram nenhum efeito da droga sobre a
frequéncia da tosse em pacientes com bronquite crénica. No entanto, estudo realizado
por Parvez et al. (1996) em pacientes com doenca pulmonar obstrutiva crénica foi
demonstrado que a administragdo da guaifenesina resultou em uma maior reducdo na

intensidade média da tosse em comparacao com placebo.
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Figura 3 — Formulas estruturais: a) Ambroxol, b) N-Acetilcisteina e ¢) Guaifenesina
Fonte: Ambroxol (2012); N-Acetilcisteina (2012); Guaifenesina (2012)
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2.5 Modelo para avaliar atividade mucolitica/lexpectorante através da

guantificacdo de vermelho de fenol

Existem varios métodos para a avaliar a producdo e excrecdo do muco
respiratorio.Por exemplo, exames radioldgicos, e teor de soélidos ou ions. No entanto,
essas metodologias s&o relativamente complexas, uma vez que pode exigir
equipamento especial. Além disso, volume significante de muco se faz necessario para
se efetuar essas avaliagdes sendo mais complicado obter este volume em modelos
experimentais (BOLSER, 2006).

A abordagem experimental utilizada nesta pesquisa foi baseada na
administracdo por via intraperitoneal do vermelho de fenol que em parte é absorvido
sistemicamente e entdo, excretado nas vias respiratdrias onde podem ser coletados e
quantificados. Este método oferece a vantagem de avaliar a funcdo secretora do
sistema respiratério como um todo. Foi mostrado que a concentracdo de vermelho fenol
no fluido do trato respiratorio € capaz de agir como um marcador para secre¢ao de
mucina e agua, e que esta secrec¢ao pode ser influenciada pela administracéo de varios

farmacos com atividade expectorante (ENGLER, 1984).

2.6 Radicais livres, estresse oxidativo e antioxidantes

Radicais livres sdo moléculas orgéanicas ou inorganicas e ou atomos que contém
um ou mais elétrons ndo emparelhados, com existéncia independente (HALLIWELL,
1994). Essa configuracdo faz dos radicais livres moléculas altamente instaveis, com
meia-vida curtissima indo de minutos a nanossegundos. A presenca dos radicais é
critica para a manutengdo de muitas fungdes fisiolégicas normais (POMPELLA, 1997).
Algumas espécies de radicais livres: Espécies reativas de oxigénio — superoéxido (O,"),
radical hidroxila ('OH), peroxido de hidrogénio (H»O,), radical peroxila (ROQO),
hidroperéxido organico (ROOH), oxigénio singleto (*O.), 0zdnio (Os); Espécies reativas
de nitrogénio: 6xido nitrico (NO"), peroxinitrito (ONOQO"), acido peroxidonitroso (ONOOH)
e diéxido de nitrogénio (NO2) (ARUOMA, 1994).
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Os radicais livres podem ser gerados no citoplasma, nas mitocondrias ou na
membrana e o0 seu alvo celular (proteinas, lipideos, carboidratos e DNA) esta
relacionado com o seu sitio de formacao (ANDERSON, 1996; YU; ANDERSON, 1997).

A formacdo de radicais livres in vivo ocorre via acdo catalitica de enzimas,
durante os processos de transferéncia de elétrons que ocorrem no metabolismo celular
e pela exposicao a fatores exdgenos (cigarro, dieta, medicamentos, 0zonio). Contudo,
na condicdo de pro-oxidante a concentracdo desses radicais pode aumentar devido a
maior geracdo intracelular ou pela deficiéncia dos mecanismos antioxidantes
(CERUTTI, 1991, 1994). O desequilibrio entre moléculas oxidantes e antioxidantes que
resulta na inducdo de danos celulares pelos radicais livres tem sido chamado de

estresse oxidativo.

A ocorréncia de um estresse oxidativo moderado, freqlentemente é
acompanhada do aumento das defesas antioxidantes enzimaticas, mas a producdo de
uma grande quantidade de radicais livres pode causar danos e morte celular
(ANDERSON, 1996; SIES, 1993). Os danos oxidativos induzidos nas células e tecidos
tém sido relacionados com a etiologia de varias doencas, incluindo doencas
degenerativas tais como as cardiopatias, aterosclerose e problemas pulmonares
(AMES; SHIGENAGA; HAGEN, 1993; WITZUM, 1994; ROY; KULKARNI, 1996; STAHL;
SIES, 1997).

O H;0, ndo é considerado um radical livre verdadeiro, mas é capaz de
atravessar a membrana nuclear e induzir danos na molécula de DNA por meio de
reacOes enzimaticas (ANDERSON, 1996).

A producgédo continua de radicais livres durante os processos metabolicos levou
ao desenvolvimento de muitos mecanismos de defesa antioxidante para limitar os niveis
intracelulares e impedir a inducdo de danos (SIES, 1993). Os antioxidantes sao agentes
responsaveis pela inibicdo e reducdo das lesGes causadas pelos radicais livres nas

células.
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Uma ampla definicdo de antioxidante é “qualquer substancia que, presente em
baixas concentracdes quando comparada a do substrato oxidavel, atrasa ou inibe a
oxidacdo deste substrato de maneira eficaz” (SIES; STAHL, 1995). Os antioxidantes
podem ser classificado em enzimatico (superoxido dismutase, -catalase, e
glutationa peroxidase ou 0s seus precursores) ou ndo enzimatica (vitaminas C, E,beta-
caroteno) (JANKOV; NEGUS; TANSWELL, 2001.

Knekt et al. (1997) encontraram uma relacdo inversa entre o consumo de
flavonoides na dieta e o desenvolvimento de tumores em individuos na faixa etaria de
50 anos e ndo-fumantes. Os pesquisadores observaram que entre as muitas fontes de
flavondides da dieta, o consumo de macas apresentou os melhores resultados na

prevencao do desenvolvimento de tumores no pulméao.
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4 OBJETIVOS

4.1 Geral

Avaliar a atividade expectorante, mucolitica e antioxidante do
fumarprotocetrarico (FUM) em camundongos Swiss webster.

4.2 Especificos

a) obter os extratos etéreo e acetdnico de C. verticillaris;
b) isolar, purificar, identificar e quantificar o FUM de C. verticillaris;
c) avaliar atividade mucolitica /expectorante do FUM de C. verticillaris;

d) avaliar a atividade antioxidante do FUM de C. verticillaris.
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ABSTRACT

The lichen Cladonia verticillaris produce bioactive secondary methabolites as the acids
fumarprotocetraric (FUM) and protocetraric(PRO). The Cladonia genus has demonstrate
antitumoral, antiinflamatory and antipiretic activities. | is used in folk medicine to treat
respiratory deseases (troat irritation, cough, asthma and tuberculosis). This work had the
objective to evaluate the expectorante and mucolytic activity of the fumrprotocetraric acid in
albino swiss mice. Methods: the FUM was extracted and purified from the acetonic extract of C.
verticillaris. In order to evaluate the expectorante activity of FUM was used the phenol red
method in quantitative scale in the no bronchoalveolar lavage fluid.when administered
intraperitoneally in swiss mice.The animals were treated with FUM (25, 50 ou 100 mg/kg orally or
intraduodenal and 12,5, 25 ou 50 mg/kg, intraperitoneally) The control groups receive by the
same via saline solution of 7,5 ml/kg or ambroxol 1 mg/kg). The antioxidante activity was
evaluated with the TBARS method in pulmonar mouse tissue treated with the FUM at 25, 50 or
100 mg/kg orally) after receiving the LPS solution at 1 mg/kg intrapleural via. The same protocol
was adopted to the control groups (salina 7,5 ml/kg, orally or N-acetilcisteine, 20mg/kg, orally).
Results: The FUM in doses of 25 and 50mg/kg, administered orally, promoted increased dose-
dependent of phenol red in the bronchoalveolar lavage. Lipid peroxidation (MDA measured as
equivalent) was reduced by 50% in lung tissue. Conclusion: The results confirm the expectorant
properties and antioxidants fumarprotocetraric acid produced by the lichen Cladonia verticillaris.

Keywords: Ambroxol, N-acetilcisteina, lichen, antioxidant.
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INTRODUCTION

Respiratory diseases are major causes of morbidity and mortality in adults and children [1,
2]. Expectorants and similar drugs are widely prescribed drugs for the treatment of lung diseases,
although their efficacy is still questioned [3-5]. Lichens are organisms consisting of fungi and
algae or cyanobacteria, in a mutually beneficial relationship [6]. Lichens produces substances
resulting from its metabolism, known as "lichen acids", which are responsible for the biological
activities of lichen [7]. Currently it is known that the chemical nature of these substances is
almost entirely phenolic [8-10]. Depsidonas produced by the lichen [11], Cladonia verticillaris,
give rise to fumaprotocetraric (FUM) and protocetraric (PRO) acids, which has been shown to be
photoprotector [12], inhibitors of integrase enzyme in HIV-1 [13] and inhibitor of 5-lipoxygenase
in leukocytes [14].

Cladonia verticillaris, common in northeastern region of Brazil, has similar composition
to Cetraria islandica [6-8]. Cetraria islandica, found in Europe in flat regions near the margin of
lakes [15], is a species that has been used in the form of expectorants and cough syrups, to treat
sore throat, cough and bronchitis [3, 16]. The Cladonia verticillaris, found in Brazil, belongs to
the class Ascomycetos, order Lecanorales and family Cladoniaceae [15, 17]. Both species
(Cladonia verticillaris and Cetraria islandica) have large concentrations of fumarprotocetraric
acid, which have demonstrated biological actions, such as antitumor activity [18],
antiinflammatory [19], antibacterial [20] and insecticide [21]. This study aimed to evaluate the
antioxidant and expectorant activities of fumarprotocetraric acid produced by Cladonia

verticillaris.
MATERIALS AND METHODS

Collection and storage of lichen

Samples of Cladonia verticillaris (200g) were collected in sand trays (flat regions, with
gentle slopes, near ponds) in the City of Alhandra Paraiba, Paraiba State, Northeast Brazil
(Latitude: -7.43933, Longitude: - 34.9136, 7 ° 26 22 "South, 34 ° 54' 49" West), as previously
described [22]. They were packed in paper bags and dried at room temperature (28°C). The
lichen was identified by chemical and morphological characters of the talus, at the Laboratério de
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Quimica de Produtos Naturais da Universidade Federal de Pernambuco and a voucher specimen
was deposited in the Herbarium UFP - Geraldo Mariz, UFPE, Brazil, n°. 361638.

Obtention of organic extracts

Organic extracts were obtained from 60g of C. verticillaris fresh talus for sewage system
at room temperature (28°C) as described previously [22]. The stem was initially milled and
subjected to successive extractions with 250 mL of diethyl ether, under mechanical stirring for
1h, cooled to 4°C for 24h, followed by filtration. The residue was subjected to extraction with
acetone in a similar manner to that described for diethyl ether. The extracts were evaporated by
route evaporation in a water bath at 40°C until dry and then kept in a desiccator until constant
weight of 3.6 g.

Extraction, identification and purification of fumarprotocetraric acid

Fumarprotocetraric acid was isolated from the acetone extract the high pure cristals were
obtained after successive crystallizations, as previously described [7]. Samples were identified by
thin layer chromatography (TLC) [23] and the purity were determined in apurified by high
performance liquid chromatographer (HPLC), according to Legaz et al [22]. The organic extracts
were also analyzed by high performance liquid chromatography (HPLC) using an Hitachi liquid
chromatographer (655A-11, Tokyo, Japan) coupled to an UV detector (CG437-B) seted at 254
nm, using a C-18 reverse phase column MicroPack MCH-18 de 300x4mm, Berlin, Germany. The
mobile phase consisted of methanol, deionized water, acetic acid (Merck KGaA, Darmstadt,
Germany) in the proportion 80: 19.5: 0.5 v/v/v, a flow rate of 1 mL min™, injection viume of 10
puL, 0.04 attenuation at room temperature (28°C), according to the methodology described by
Legaz et al; [22]. Dry residues were dissolved in methanol at 0.01 g dm™ and injected onto a
column. Quantization of FUM and PRO was achieved by injecting pure standards (FUM and
PRO) in order to construct the calibration functions.

Animals and study design

Albino mice, Swiss Webster, male (25 to 40g), were provided by Laboratory of

Imunopatologia Keizo Asami (Pernambuco, Brazil),placed in cages and kept under standard
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environmental conditions (22°C, 12/12h light / dark cycle) fed with Labina diet (Purina, Brazil)
and water ad libitum. Animals (n = 6 animals / group) were treated with FUM (dissolved in 0.9%
saline) by oral route (25, 50 and 100mg/kg) intraduodenal (25, 50 and 100mg/kg) or
intraperitoneally (12.5, 25, and 50 mg / kg). To access the duodenum of the small intestine and
administer FUM, the animals were anesthetized with a combination of ketamine and xylazine (75
and 15 mg / kg, intraperitoneal, respectively). At the same time, three control groups were used:
a) treated with Ambroxol, mainly known for its expectorant activity, (1 mg / kg, oral), b) 0.9%
saline (7.5 ml / kg, oral) and ¢) N-acetylcysteine, mainly known for its antioxidant activity (NAC,

20 mg / kg, oral).

Pharmacological tests

Determination of the Expectorant activity of FUM

The expectorant activity was determined by measuring the phenol red, as described above
[16]. Thirty minutes after treatment the animals received intraperitoneal, phenol red (10 mg/ mL)
in a dose of 200 mg / kg. After 30 min of administration, the animals were anesthetized, shaved
on the anterior-superior neck and performed exposure of the trachea. Then, a tracheobronchial
lavage using 2 mL 0.9% saline solution was done with a recovery of 1.0 mL. The lavage fluid
collected was centrifuged at 1600 rpm (638 G) for 10 min and the supernatant (1 mL) was
removed and added 0.5 mL of sodium hydroxide (NaOH N 00:01). The concentration of phenol
red was measured spectrophotometrically at a wavelength of 535 nm and results were expressed
as mg/mL. A standard curve (0,055 to 10 mg/mL) with phenol red was done to normalize the
data.

Lipid peroxidation assay

As an index of the lipid peroxidation, we used the formation of thiobarbituric acid reactive
species (TBARS) during an acid-heating reaction as previously described [24]. Animals were
treated orally with FUM (25, 50 and 100 mg / kg) and compared to positive control group
(treated with n-acetylcysteine-NAC, 20 mg / kg) or negative control (treated with 0.9% saline,

7.5 mL / kg). Thirty minutes after treatments, was administered intrapleural, 1 mg/kg of
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lipopolysaccharide (LPS) from Escherichia coli 055; B5. After 60 minutes of the oxidative stress
induction, induced after LPS, micewere euthanized with an overdose of anesthetic (ketamine
10%). Briefly, organs were homogenized in 50mM phosphate buffer using a Potter-Elvehjem
homogenizer. An aliquot (200 pL) was mixed with trichloroacetic acid 15% (400 uL) and
centrifuged 10 min (4000 x g) and the supernatant was mixed with equal volume of thiobarbituric
acid 0.67%. This system was heated in boiling water bath for 15 min and the TBARS were
determined by the absorbance at 535 nm. Protein content was assessed by Lowry assay [25], and

results were expressed as nmol of malondialdehyde (MDA) equivalents/mg of protein [26].

Statistical analyze

Data were expressed as the mean value and error deviation. To analyze normality data
was used Kolmogorov-Smirnov test and as parametric tests was used ANOVA test with Tukey as
a post-test. All analyses were performed using the GraphPad Prism® 4.03 software, San Diego,

California (USA), and p-values less than 0.05 were considered statistically significant.
RESULTS

Extraction, identification and purification of FUM

The FUM was isolated and purified from the acetonic extract of C. verticillaris by
successive recrystallizations following the Asahia & Shibata [9] method modified by Pereira
[10]. The samples were analyzed in thin layer chromatography (TLC) [11] and High pressure
liquid chromatography (HPLC) [12].(Figurel).

Expectorant Activity

The FUM administered by oral route showed increasing actions of 5.03, 6.4 and 8.8 fold
in the excretion of phenol red in comparison to saline group (p <0.001). In relashinships to
ambroxol group, the FUM showed increasing responses of 1.37, 1.7 and 2.42 fold in the phenol
red excretion , respectively (Figure 2-1). The group treated with FUM by intraperitoneal route at

concentrations of showed increasing of 6.39, 7.18 and 9.7 fold in the excretion of phenol red
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when compared to saline group (p <0.001). When compared to ambroxol group showed an
increasing of 1.15 and 1.57, respectively (Figure 2-11). The intraduodenal route results showed
an increasing on the excretion of phenol red of 2.5 and 4.6, respectively (Figure 2-111). When
compared toambroxol group there was an increasing of 2.29 and 4.25 fold, respectively (p
<0.001).

Lipid peroxidation

The groups treated with FUM showed a decreasing in lipid peroxidation proportional to
the tested concentrations (0.286 + 0.035, 0.126 + 0.008 and 0.306 + 0.121 nmol MDA
equivalents / mg protein). When compared to saline group (0.688 + 0.048) and NAC group
(0.691 £ 0.075 MDA equivalents nmol / mg protein), respectively (Figure 3). The results showed

a reduction on lipid peroxidation of 58%, 81% and 55% compared to saline and NAC group.

DISCUSSION

The FUM biosynthesis in lichens, is preceded by the synthesis of atranorina and
protocetraric acid, which has as intermediary compounds the hipoprotocetraric acid and its
aldehyde [7, 9, 21]. By TLC, more than one band were found in acetonic extracts of Cladonia
Islandica and those compounds are intermediary compounds of the synthetic pathway of FUM
[7]. These results are also been observed in Cladonia verticillaris. In our study, the HPLC
analyzes demonstrated that fumarprotocetraric acid was the major compound (95.12%) of the
acetone extract in accordance with the TLC assays. These results are in accordance with previous
studies, when the compounds were extracted from dry material with acetone followed by and

HPLC analysis performed in a LiChrosorb RP-8 column, isocratic elution and UV detection [7].

The expectorants mechanism of action is not fully understood. In our expirements, when
the fumarprotocetraric acid was administered by oral route there was an increasing more than 5.0
fold on the excretion of phenol red in comparison to saline group (p <0.001) and in comparison to
ambroxol group, the FUM showed an increasing more than 1.37 fold (Figure 2-1). The
expectorant activity of some drugs is mediated, in part, by a reflex vagal stimulation initiated by
the gastric mucosa after oral administration [27]. Misawa and Yanaura showed that Senega syrup
(0.3 mL/kg) had no effect when given intravenously, yet, 2 mL/kg given orally increased the

output of fluid within 5 minutes, thereby suggesting that the related secretagogic activity is due to
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a reflex action following stimulation of the gastric mucosa [27]. Our study showed that the FUM,
administered by oral route, at concentrations of 50 to 100mg/kg showed an increase on the
excretion of the phenol red in comparison to ambroxol group. This fact could corroborate with

the theory of vagal reflex, as described above.

The group treated by intraperitoneal route showed an increasing more than 6.4 fold on the
excretion of phenol red in comparison to saline group (p <0.001) and in comparison to ambroxol
group, the FUM showed an increasing more than 1.15 fold (Figure 2-11). When the FUM was
administered by intraduodenal route, the results showed an increasing more than 2.5 fold in
comparison to saline group (Figure 2-111) and in compariosn to ambroxol group there was an
increasing more than 2.3 fold (p <0.001). When the FUM was administered by intraperitoneal
route (100 mg / kg) and intraduodenal route (50 mg / kg to 100 mg / kg), there was an increasing
in the excretion of phenol red in comparison to ambroxol group. On this case, we noticed the

existence of another mechanism of action of expectorants.

Hosoe and colleagues reported that the physico-chemical mechanisms are responsible for
the expectorant activity because they reduce the rheology (viscosity) of airway mucus [28]. They
suggest that a new homocysteine-derived expectorant (erdosteine) removes sputum by reducing
its viscosity, and by promoting mucociliary transport and sustained enhancement of airway
secretion. It also suppressed the chemical stimulation-induced cough reflex and plasma leakage
into the airway. These changes in fluid mechanics can promote and facilitate the clearance of
exogenous substances to the body [28]. Probably, the expectorant activity of FUM observed after
administration, by intraperitoneal and intraduodenal routes, at concentration of 100 mg/kg, is
connected with these mechanisms described above. The expectorant activity of FUM showed to
be superior in almost all doses and routes as compared to saline group. However, this effect was
not detected when administered by intraduodenal route at concentration of 25 mg / kg. This fact
could be explained, in part, by the low concentration of FUM to induce any activity after this
route administration. Another factor that could corroborate to this finding was reported by
Lesniewska and colleagues who observed the occurrence of the reduction of intestinal
myoelectric activity in rats after surgery [29]. Stewart and colleagues reported the existence of
intestinal paralysis after abdominal surgery in humans [30]. All these factors together can be
influenced in the reduction of expectorant activity of FUM when administered by intraduodenal

route at a concentration of 25 mg / kg.
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The lungs of rats treated with intrapleural administration of endotoxin (1 mg/kg of LPS)
and oral administrations of FUM at concentrations of 25, 50 and 100mg/kg showed reductions in
the lipid peroxidation. We found that the FUM at different concentrations significantly reduced
lipid peroxidation by 58%, 81% and 55% respectively, in comparison to control groups (saline or
NAC). We note, however, that the NAC had no antioxidant activity as expected, since its activity
was similar to that observed in control saline. This result can be explained by the fact that the
NAC was administered by oral route. According to Ritter and colleagues when NAC is
administered by oral route, NAC can lose their reductive ability and could induces pro-oxidant

effects, due its ability to interact with the iron [31].

CONCLUSIONS

The acetone used for extraction of fumaprotocetraric acid, showed to be effective. The
FUM showed expectorant activity and its antioxidant activity exhibited a decreasing of lipid

peroxidation endotoxin-induced.
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Figure 1. The insert figures show the chemical structure of fumarprotocetraric (A) and
protocetraric (B) acids. On the left bottom, chromatogram of acetone extract of Cladonia
verticillaris.(C)
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Figure 2. Evaluation of phenol red (mg / mL), in bronchialveolar lavage (BAL), after FUM
administration. (I) gavagem (groups: A - saline 7.5 mg / kg, B - ambroxol 1mg/kg, C - FUM 25
mg / kg, D - FUM 50 mg / kg, and E - FUM 100 mg / kg), (I1) intraperitoneal (groups: A -saline
7.5 mg / kg, B - ambroxol 1mg/kg, C-FUM 12.5 mg / kg, D - FUM 25 mg / kg, and E - FUM 50
mg / kg) and (I11) intraduodenal (groups: A — saline 7.5 mg / kg, B - ambroxol 1mg/kg, C — FUM
25 mg/ kg, D - FUM 50 mg / kg and E - FUM 100 mg / kg). Values are expressed as mean and
standard error (n = 6 animals for each group). * Significant difference compared with control
group (Kruskal-Wallis test followed by Dunn s post-test, p <0.05).
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Figure 3. Evaluation of lipid peroxidation, oral administration (MDA equivalents nmol / mg
protein) of FUM in lung tissue of mice (groups: A — saline 7.5 mg / kg, B, - N-acetyl-cysteine, C-
FUM 25 mg / kg, D - FUM 50 mg / kg, and E- FUM 100 mg / kg, administered orally). Values
are expressed as mean and standard error (n = 6 animals for each group). * Significant difference
compared with control group (Kruskal-Wallis test followed by Dunn s post-test, p <0.05).
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6 CONCLUSAO

a)

b)

d)

a acetona quando utilizada para purificacdo do extrato acetonico de C.
Verticillaris apresentou-se eficaz, uma vez que ao final do processo o grau
de purificacdo do produto obtido foi verificado por CLAE;

podemos inferir que o FUM €& um, bioproduto que apresenta atividade
expectorante dose-dependente sendo esta melhor exarcerbada quando
administrado por via oral;

no entanto, isso nao recorre que seu mecanismo de acgdo esteja
exclusivamente relacionado ao reflexo vagal, pois observamos atividade
expectorante quando o FUM foi administrado por via intraperitoneal ou
intraduodenal. Provavelmente estes decorrem da caracteristica fisico-
quimica do produto, como carater acido e pouco reativa, fatores que
favorecem a rapida absorcao e biodistribuicdo no organismo;

além da atividade expectorante do FUM verificamos que ele apresenta
atividade antioxidante, no entanto, o provavel mecanismo de acdo devera

ser investigado futuramente.
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ANEXO A — Trabalhos apresentados em Congressos no decorrer do curso

Referéncia: X Encuentro del Grupo Latinoamericano de Liquendlogos GLAL X. Bogota -
Colombia -- "Effect of fumarprotocetraric acid isolated the Lichen Cladonia verticillaris on

tracheobronchial phenol red excretion in mice ".

444 Efeito do acido fumarprotocetrarico isolado de liquen

Cladonia verticillaris sobre a excrecao traqueobrénquica de
vermelho fenol em camundongos Swiss

Alves, G.M.B." ; Franco, E.S.2; Melo, R.G.2; Cordeiro D.P.2;
Pereira, E.C.G.1; Silva, N.H."; Maia, M.B.S.2

1 Laboratério de Produtos Naturais, Depto de Bioquimica, Centro de Ciéncias Biologicas /UFPE
2 Laboratério de Farmacologia de Produtos Bioativos, Depto de Fisiologia e Farmacologia, Centro de Ciéncias Bioldgicas /JUFPE

INTRODUCAO = Grupos Experimentais

O liquen Cladonia verticillaris ¢ muito comum no nordeste do

Brasil. Tem como metabolitos secundarios o dcido fumarprotocetrarico S
(FUM) e acido protocetrarico, os quais também sio encontrados no
liquen Cetraria islandica o qual ¢ amplamente usado na medicina
popular turca para o tratamento de bronquite e tuberculose.
OBJETIVO
Este tem como objetivo avaliar o efeito do FUM isolado de

Cladonia verticillaris sobre a excrecio traqueobronquica de vermelho

s/grupol
fenol em camundongos Swiss. -
METODOLOGIA
- Obtencio do FUM
C. verticillaris : ]
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Figura 1 - Concenfragdo de vermelho de Figura 2 - Concentragdo de vermelho de

Administragao do Administragéo do

FUM por gavagem

FUM por via
intraperitoneal

fenol no lavado traqueobrénquico dos
grupos tratados com FUM (25 ou 50 mg/kg;
i.p.) ou Ambroxol (1 mg/kg; i.p.) ou salina
(7.5ml/Kg; i.p.). *(p<0.05).

fenol no lavado traqueobrénquico dos
grupos tratados com FUM (50 ou 100 mg/kg;
v.0.) ou Ambroxal (1 mg/kg; v.0.) ou salina
(7,5ml/kg; v.0.). *(p<0,05).

CONCLUSAO |

Os resultados sugerem que agio expectorante do FUM ndo ¢

mediada por um reflexo vagal miciado pela estimulagdo da mucosa

gastrica apos a administra¢dio oral.
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Congresso Luso-Brasileiro de patologia experimental. “Evaluation of the expectorant
activity of acid fumarprotocetrarico isolated from the lichen Cladonia verticillaris in swiss

mice”.

Evaluation of the expectorant activity of acid fumarprotocetraric
isolated from the lichen Cladonia verticillaris in swiss mice
Alves, G.M.B."; Franco, E.S.2; Oliveira, A.P.2; Cunha,H.P..2; Melo, R.G.2; Cordeiro D.P.2;
Pereira, E.C.G.; Silva, N.H."; Maia, M.B.S.2

1-Laboratério de Produtos Naturais/UFPE
2-Laboratério de Farmacologia de Produtos Bioativos/ UFPE

INTRODUCTION RESULTS

The lichens have been used in folk medicine since
ancient times to treat many kinds of respiratory
irritation,

diseases such as: throat

tuberculosis and asthma.

cough,

The results where expressed as mean standard
error. And these were subjected to one way ANOVA
and Bonferroni post-test (p<0,05). The groups treated
with the FUM ( 50 or 100mg/kg) showed significant

increase ( p<0,05) excretion of phenol red, measured
in tracheobronchial lavage, compared with positiv
controls and saline groups. The results showed that

FUM (50 or 100mg/kg) produced an expectorant
OBJECTIVE higher ( 108 + 1.2% and 270 * 0.3%, respectively) that
obtained in the group treated with ambroxol, both
To evaluate the expectorant activity intaduodenal administered.
fumarprotocetraric acid (FUM) from

Cladonia verticillaris in swiss mice. intraduodenally

salina
Ambroxollmg/kg
FUM 25mg/kg
FUMS50mg/kg
FUM 100 mg/kg

METHODOLOGY

We used 30 swiss mice, males (30-35g), which
received phenol red (200mg/kg; i.p) (fig. 1) diluted in
0.9% NaCl. After thirty minutes , the animals were
separed into five groups (n=6), and treated by
intraduodenally with: FUM (25, 50 or 100mg/kg),
ambroxol (1 mg/kg) or NaCl 0.9%, (0.5ml/kg) (control
group). Thirty minutes after treatment the animals
where anesthetized, tracheostomized and cannulated
(fig.2), and we carried out a cycle of lung lavage
(2ml/animal) with NaCl 0.9% solution (fig. 3). The fluid
obtained from lavage where centrifuged and read
using a spectrophotometer at 535 nm (fig. 4).

DEOBE

Phenol red concentration
{mg/mL)

|

Figure 1. Phenol red concentration in the lavage fluid following intraperitoneal
administration (i.p.) of ambroxol or FUM and intraduodenally administration of saline
(control group). (*significantly different from other groups, p < 0.05 by ANOVA Turkey).
Data is presented as mean + SD.

CONCLUSION

Considering the results we conclude that the FUM (50 and
100mg/kg) showed expectorant activity in mice.

Apoio: Capes

Figure 4-Fluid lung

Figure 3- Cycle of lung
lavage
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Swbdivision - numbersd sections

Divide your article ints dearty defined and numbered sections. Subdections should be murnbered
1.1 {then 1.1.1, 1.1.2, ...}, 1.2, e (the sbstract £ not included in section numbering). Use this
riumbering alss for internal crest-referencing: do not just refer o “the text'. Aoy subsection may be
ghwen & brief heading. Each hasding should appear on It own Separate line.

Introduction
State the objectives of the work and provide an adequete backgmound, avolding a detailed literature
Survey or B surnmary of the results,

Matarial and methods
Provide suffident detail to sllow the work to be reproduced. Methods slmesdy published should be
indicated by & refensnce: only relevant modifications should be described.

et i

Aesulis should be desr and concics.

Digcereeion

This should explore the significance of the results of the work, not repest them. & combined Resuls
and Discussion section |& often appropriste. Avold extersive ctations and discussion of published
liberature,

Conclusiors

The main condusions of the study may be presented in a short Condusions section, which may stand
alone or form & subsection of a Discussion or Results and Discussion Section.

Essential titte page information
= Titha Concise and informative. Titles are often vsed in information-retrieval Syshems. dvold
abbrevistions and formulas when: possible.
» Author names and affiliations. Where the family name may be ambiguous [e.g., & double
name), plesse indicate this cearty. Presant the authors” affilistion addresses (whens the actual work
was done) below the names. Indicate &l afiliations with 8 bwer-cass supersoript better imrmedistely
after the authar's name and in front of the appropriate address. Provide the full postal address of
Eﬂﬂ'l affiliation, induding the country name and, If avallable, the e-mail addme=ss of each author.
avthor. Clearly indicate who will handle comespondence at &l stages of nefénseing
and publication, also post-publication. Ensure that telephone and fax numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address. Contact details must be kept up to date by the corresponding author.
= Preasant/permanarnt address. [If an author has maoved sinoe the work described in the article
was done, or was visiting at the time, & "Present addres’ {or 'Permmanent address') may be indicated
as a foatmoke b that avthar's name. The address at which the author Bctually did the work muest be
retained as the main, affiliation address. Superscript Arabic numerals are wed for such footnobes,

Abstract

A conciss snd factual abstract & reguired. The abstract should state briefly the purpose of the
I'Elﬂl'ﬂ'l, the principal resulbs and r'rI-Hle'.'l' ponclusions. An ab=Stract S often presented S-EFI.II'H'H]I from
the article, so it must be able to stand alone. For this resson, References should be avoeided, but if
essential, then cite the authon(s) and year(s). Alsa, non-standard or uncommaon abbreviations should
btﬂ'ul‘.'llﬁ&drhﬂﬂtﬁﬂﬁﬂﬂﬂﬂvm&btﬂﬂqﬁbdﬂﬂ'ﬂﬂrﬂﬁﬂﬂﬂﬁmﬂﬁmw.

Keywords

Immediately after the abstract, provide a masimum of & keywords, using Amercan spelling and
avolding genaral and plural terms and multiple concepts (avoid, for example, "and’, 'of'). Be sparing
with sbbreviations: only sbbreviations firmly established in the field mey be aligible. These keywonds
willl b used For indexing purposes.

Abbrevialions

Define abbreviations that are not standard in thiE feld in a8 footnote B be placed on the first pege
of the article. Such abbrevations that are unevoidable in the abstract must be defined at their st
renition there, as well 2= in the footnote. Ensure consistency of abbrevistions throughout the artice.
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in the online wersion of the article.

Plaase use the Fﬂhﬂr‘l@ﬁhﬂ‘lﬂ: Database ID: xuxx
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* Make sure you use uniform lettering and sizing of your original artwark.
» Save text in illustrations &= "graphics’ or enclose the font.
= Orily use the following fonts in your lllustrations: Aral, Courier, Times, Symbel.
» Number the illustrations according to their Sequence in the tet.
+ Use & logical naming comeention for your artwork files.
» Provide captions to illustrations separately.
* Produce Immnummedulmdﬂ::urﬂenﬂmdmh\.
» Submit sach figure as & separste file.

A detalled guide on electronic artwork IS avallable on our websibe:

ikt f P el Sevier cormfarbworkd rstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork |5 finalised, plesse 'save as' or
cormeert the images to one of the following formats [note the resslution requirements for ling drawings,
halftones, and ling/halftone combinations given below) :

EPS: Viedtor drawings. Embed the font or s&ve the text a8 "graphics’,

TIFF: Color or grayscale photographs (halftones): always use a minimurm of 300 dpi.

TIFF: Bitrnapped line drawings: use & minimurm of 1000 dpi.

TIFF: Combinations bitrnapped line/half-tone [color or grayscale): a minimurn of 500 dpi s reguired.
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If your electronic artwork i created in & Microsaft Office application (Wiord, PowerPoint, Exoel) then
pleass supply &% (5",

Please do not:

= Supply files that are optimised for Screen use (e.g., GIF, BMP, PLCT, WPG); the resclution IS boa low;
= Supply files that are too low in resolution;

= Submit graphics that are disproportionately lange for the content.

Cadar srtwork

Please make sure thet artwork files are in &n acceptable format (TIFF, EPS or M5 Office files) and with
the correct resalution. If, together with your accepted article, you submit wsable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in oslor on the Web (e.g.,
SoenceDirect and other stes) regardless of whether or not these illustrations are reproduced in mlor
in the printed version. For oolor reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Plesse indicste your preference
fior color: in print or on the 'Web only. For further information on the preparation of electronic arbwark,
please see Fttp /O wearw. elseviercomy arbworki rstructions.

Please nobe: Because of technical cormplications which can erise by comeerting color figumes o ‘gray
seale’ (for the printed version should you not opt for eoler in print) please submit in addition w=able
bBlack and white versions of all the color illustrations.

Figure captions

Ensure that esch lllustration hes a caption. Supply captions seperately, not attached o the figure. A
caption should comprize & brief title [not an the figure itsalf) and a description of the llustration. Kesp
taExt in the llustrations thamsalhyes 5o 8 milnimum but axplain all symbols and abbreviations used.

Talbles

Number tables consecutively in accondance with their appearancs in the text. Place footnotes to tables
bezboow the table body and indicate them with superscript lowercese letbers. dvold vertical rules. Be
sparing In the use of tebles and ensure that the deta préesented in tables do not duplicate results
desoribed altewhere in the artide.

Referances

Citation in baxt

Please ensure that ewery reference cited in the bext | also present in the reference list (and vice
warsa). fny references cited in the abstract must be given in full. Unpublished results end personal
comrunications ane not recommended in the reference list, but mey be mentioned in the bt IF these
references are induded in the referencs list they should follow the standerd reference style of the
journal and should indude a substitution of the publication date with either 'Unpublished results’ or
‘Personal cormmmunication’. Citation of a reference as 'in press’ implies that the ibem hes been sooepbed
fior publication .

Wel refersnces

Az & roindmum, the full UL should be given and the date when the reference was last accessed. Any
further information,  known (D01, author narmes, dates, reference to @ source publication, &te.),
should ales be ghven. Web references can be listed separately (e.g., sfter the referenos list) under &
different heaading if desired, or can be indudéd in the reference |

References in & special e
Please arsune thet the words “this sSue' are added bo any references in the list (and any ctations in
the bext) to other artices in the sarme Spedal [ssue.

Rafgrance manasganrant soffwans

This journal has standard templates evailable  in key  reference manegement
padages  Enddote [http:)/fwwwoendnotecomysupportfenstyles gep)  and Reference  Manager
(hitp: ffrefrman.comfsupport sty les. 2sp ). Using plug-ing to wordproce=sZing packages, authors anly
nead bo select the appropriate journal template when preparing their srtiche and the list of refiennoss
and citations to these will be formatbed sccording to the journal shyle which & described below.

Reference style
Tewt: Indicate references by number{s) in Square brackets in ling with the baxt. The actusl authors
can be referred to, but the reference number(s) rmust alweys be ghoen.

Ligt: Mumber the references (numbers in squere brackets) in the list in the order in which they appesr
ir thee teact.

Exarryples
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Beference to & journal publication:

[1] Wan dar Gasr J, Hanraads 1A, Lupton BA. The art of writing 8 scentific article. ) Sd Commun
2010, 163:51-5.

Pefarenoe to a book:

[2] Strunk Jr W, ‘White EB. The shements of shyde. dth ed. New York: Longman; 2000,
Referenoe to a chapter in en edited bk :

[3] Mettarn GR, Adams LB. How to prepare an slectronic version of your artice. In: Jones BS, Srnith
RZ, editors. Introduction o the electronic age, New York: E-Publishing Inc; 2005, p. 2B81-304.
Mote shorbered form for last page number. &.9., 51-9, and that for more than & authors the first
& should be listed followed By "k al.' For further details you s refermed 0 'Unfiorm Requirements
for Manuscripts submitted to Blomedical Joumals® {1 Am Med Assoc 1957.277:927-34) (see also
hittp:f farwew. almndh. govfbsdfunifomm_requinerments. ktmil).

Joumal abbvevations sowos

ourmal names should be abbreysiabed .bl!l!ltl'ﬂr'lljtﬂ

Index Medious joumal abbrevistions: http:faww ndmonih. govitedy serials? i hirnl;
List of title word abbreviations: http:flvwew S50 ong2-22661 -LTWaA-online. php;
CAS [Chemical Abstracts Service]: http: ffwwa ces ongfsent hirnl.

Video dala

Elgenyiar Eﬂltl‘:;ﬂ'_‘i widen material and animation SEquENcEs D Support and enhanosa your sejartific
research. Authors who hese video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the Sarme way
as & figure or table by reférdng to the viden or animation conbant and noting in the body bext whens it
should be placed. All submitted fles should be propedy labeléed 2o that they directly relate to the video
file's comtent. In onder to erswne that your videa or animation rmateral i directly vsable, please provide
the file in one of our remmmeanded fle formats with & preferred maximum size of 50 MB. Video and
arimation filas !uppl-u:l will Ewz Fﬂ.ﬂlm anling in the slectronic version of our artiche in Elayvier
Web products, induding ScdenceDirect: hitp:/ fwww sclencedirect.com. Please supply "stllE’ with your
Fill s = -puumdmmyﬁ-umfmm the video or animation or make a mmttlmu;:. Thete will
b used instead of standard icone and will personalize the link to your video data. For mone detailed
instructions plesse visit our vidéd instruction pages at http:ffwees. slseviencomfartworkinstructions.
Mobe: Since vides and animation cannot be embadded |r'|ﬂ'hEFl'|r'r|:'lll!r$|tl'il!ﬂ"ﬂ'l‘:jﬂun‘lﬂ, plﬁ!d-l‘.'
priovide text for both the eledronic and the print wersion for the portions of the article that refer to
this conbant.

Supplementary dala

Elsevier accepts electronic supplementary material to support and enhance your scientific reseanch.
Supplementary files offer the author additional passibilities to publish supporting applications, high-
resolution Images, background datasets sound dips and mare, Supplermentary files supplied will be
pul:..'lhtd mah:l'l;!ﬂdt the slectronic warion I!ﬂ‘-]l:l.l' artiche in EEaviar Web Fﬂ'ﬂll!h.!‘!l!_, ||'||:|u|:||r'|g
Soencellirect: hitp: ffwws sclencedinect.com. In order to ensure thet your submitbed matedal
directly usable plescs provide the data in one of our recommanded file formate. Authors should
submit the materal in eledrenic format together with the artide and Supply a concise and deser ptive
caption for aach file. For more detailed instructions please visik our artwork instruction pages at
hittp:f fawnn., elsenvier comfarbearki nstructions.

Submission checkiist

The fellowing list will be useful during the final dhecking of an articde prior to sending it to the journal
for review. Plegse consult this Guide for Authars for Further details of amy Berm.
Ensure that the following items are

One author hes been designated &% the cormesponding author with contact details:
= E-rnail address

= Full postal address

= Telephone and fax nurmbers

Al recassary Files have been uplosded, and contain:

= Keywords

= All figure captions

= All tables (induding title, description, footnobe)

Further oontiderations

» Manuseript has been 'spell-checked' and "grammar-checked"

= References Bre in the cormect formet for this journal
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= Al references mentioned in the Reference list an: cited in the text, and vio: versa

= Permission has been obtained for use of copyrighted material from other Sources (induding the Web)
= Color Aigures are clearty marked as being imended for color reproduction an the Web (free of change)
and In print, or ta be reproduced in color on the Web (free of charge) and in black-and-white in print
a If anly color on the Web is required, black-and-white versions of the figures are akso supplied for

printing purpases
For any further information pléass visit our customer Suppart Site &t htp://support elsevier.com.

AFTER ACCEPTAMNCE

Lize of the Digital Object Toeniffier

The Digital Object Identifier (DOD) may be used to dte and link to dectronic domrments. The DOT
consists of & unigue slpha-numeric character string which & essigned to & document by the publisher
upon the initial slectronic publication. The assigned DOL never changes. Thersfore, it s an ideal
riedium far citing a document, particularly Articles in press’ becauss they have not yet recshaed their
Full bibliographic infarmation. The cormect format for citing a DO IS shown 25 follows [example taken
fram & docurnent in the journal Physics Lefers 5):

doi: 10. 1006/ physleth. 2010.09.059

When you use the DO to create UREL hyperlinks to documents on the web, the DOls ane guarantesd
riever bo change.

Proofs

One set of page proofs (&8 POF Ales) will be sent by a-mail to the corresponding authar (iF we do
not have an e-mail address then paper proofs will be sent by post) or & link will be provided in
the e-rmail o that authors can download the files themselwes, Elsavier now provides suthors with
PDF proofs which can be ennotated; for thig you will need o download Adobe Resder version 7 [or
higher) available fres from hitp: ffget. adobe. comfresder. Instructions on how to annotate PDF files
will meoormparmy the proofs (aleo given online). The exact system reguinsments ane given at the Adobe
site: http:fiwaw. adobe. comy productsfmeaden tech -specs_html.

If you do not wish to use the PDF annckations function, you may list the corrections (induding
replies o the Query Form) and return them to Elgevier in an e-mail. Pleasa list your comections
quoting line number. IF, for &y reason, this & not possible, then mark the corrections and any ather
comrments (incduding replies to the Query Form) on & printout of your proof and return by fex, or scan
the pages and e-mail, or by post. Plesse use this proof only for checking the typesstting, editing,
completeness and comecness of the taxt, tables and figures. Significant changes to the artide &
accepted for publication will only be considensd at this stape with permission from the Editor. W willl
do averything possible to get your article published quickly end sccurately — please et us have all your
cormections within 48 hours. IE S important b erdoene that all comections are sent back b us in oné
comrmunication: plesss check cansfully before replying, as inclusion of any subsequent comections
cannot be gueranteed. Proofreading is solely your responsibility. Mobe that Elsevier may proceed with
the publication of your article if no response s recshed.

Offprints

The corresponding auvthor, at no cost, will be provided with a8 POF file of the article via e-mail
or, albernatively, 25 free paper offprints. IF the corresponding auther opks for peper offprints, this
preference must be indicated via the offprint onder forrm which s sent once the artide s aooepbed
for publication. Additional paper offprints can also be ordered via this form for an eda chage. The
PDF fike i & watermarked version of the published article and incudes & oyver Shest with the jourmal
cover image end a disclaimer outlining the tarms and conditions of usa.

AUTHOR INQUIRIES

For inguiries relating to the submission of ertides (including electronic submission) please
wisit this journal's homepsge. Contact details for gquestions erising after scosptance of
an artide, espedally those relsting to proofs, will be provided by the publisher You
can track accepbted artides &t http:/Seww elseviermomfrackartide. You can also check
our Author FAQs [http:/feww.elseviercomfautharfal) andfor contact Custormer Support wvia
http:f fsupport. elseviercom.

B Copyright 2002 Ekeyvier | hitpo ffwwwoelsesier.oom
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ANEXO C - Carta de aceite do Comité de ética ensino e pesquisa animal

Universidade Federal de Pernambuco
Centro de Ciéncias Biolégicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 8840 | 2126 8351

fax: (55 81) 2126 8350 1\
www.ccb.ufpe.br Roxae By &

Recife, 12 de agosto de 2011.

Oficio n° 387/11

Da Comissao de Etica no Uso de Animais (CEUA) da UFPE
Para: Prof. Nicacio Henrique da Silva

Departamento de Bioquimica e Fisiologia

Universidade Federal de Pernambuco

Processo n° 23076.023133/2011-37

Os membros da Comiss&o de Etica no Uso de Animais do Centro de Ciéncias

Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu projeto de
pesquisa intitulado, “Avaliagcdo da atividade expectorante/mucolitica e anti-oxidante do
acido fumarprotocetrarico isolado de Cladénia verticillaris (liquen) em roedores.”

Concluimos que os procedimentos descritos para a utilizagdo experimental dos animais
encontram-se ~de ' acordo com. ,a§ nomas  sugeridas peio  Colégio  Brasileiro p;F;
Experimentacdo Animal e com as normas internacionais estabelecidas pelo National Institute of
Health Guide for Care and Use of Laboratory Animals as quais sao adotadas como critérios de
avaliagéo e juigamento pela CEUA-UFPE.

Enconira-se de acordo com as normas vigentes no Brasil, especialmente a Lei 11.794
de 08 de outubro de 2008, que trata da questé@o do uso de animais para fins cientificos e
didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a serem
realizados.

Origem dos animais: Biotério do LIKA; Animais: Camundongos; Atenciosamente,

Presidente
UEPE

CCB: Integrar para desenvolver

Linhagem: Swiss; Sexo: Machos; Idade: 22 dias; Peso: 25-30g; b -
Nimero de animais previsto no protocolo: 180 animais. e S
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