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ABSTRACT

The chemical composition and antimicrobial activifythe Cladia aggregata (Sw.) Nyl. were evaluatatbatic
acid, depside obtained from C. aggregata, was spsovpically analyzed and tested, as well as organitracts.
The extracts and purified substance were testednagfour Staphylococcus aureus multi-resistangiss. The
structure of barbatic acid was confirmed through RNH; **C) and elemental ® analysis. Biochromatographic
assays showed action of this compound, along wviliercsubstances contained in organic extracts, estigg a
synergic action, MIC assays placed barbatic acithia same level of inhibition to other studied éinlsubstances.
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INTRODUCTION 2000; Maia et al., 2002antimicrobial (Piovano et
al., 2002; Falcéo et al., 2002; Ingo6lfsdattir, 2))02

In spite of being described as a Symbioti@ntiparaSitary (Carvalho et al., 2005), besides the
association between the photosynthetic organisn@&tion as UV sun blockers (Rancan et al., 2002)
and fungi, lichens are highly complexand efficiency as bioaccumulators and
communities that produce peculiar substances witpioindicators of air quality, due to their abiliof
phenolic characteristic, such as the barbatic,cusnfetaining contaminants, mainly heavy metals
and fumaprotocetraric acids (Honda and VilegagKrishna et al., 2003; Monnet et,&2005).

1999). Those substances come from the secondale presence of phenolic derivatives in lichen is
metabolism and are known as lichen acids. Theeterminant for its antimicrobial activity. These
production of these acids can vary from 0,1 t¢ubstances generally acidify the bacterial cell, and
10% of thallus dry weight, depending on theconsequently, cause cytoplasm membrane rupture,
environmental conditions (Piovano et al., 2002)inactivate the enzymes, and interfere on the
Lichen substances have been used for centurigfctrons transport process and in the oxidative
(Llano, 1951). Their metabolites possess sever&hosphorilation (Mueller, 2001; Randhir et al.,
biological properties such as antitun{8antos et 2004; Vattem et al., 2004).

al., 2006), antiinflamatory (Vijayakumar et al.
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Some lichen species strongly depend on climatiseveral hills, with places at 800 m over sea level.
and/or microclimatic conditions for producing This situation produces forest with high humidity
different compounds, phenolics to pigmentsand low temperatures, during the winter, lower
(Legaz et al., 1986). I€. aggregatathe typical than the ones registered in the coast. Due to
characteristic of adaptation is its phenotypiamountains, rocks arise in areas like plateaus,
plasticity (Filson, 1981). This species is capalfle where Cladoniaceae species occurs in large
producing morphotypes that depends on thquantities.
environmental conditions. This polymorphism
results in some difficulties for specimens’Preparation of organic extracts and
identification. This is the reason of the existente extraction/purification of barbatic acid (BAR)
several descriptions made by different specialistslatural thalli of C. aggregata (50g) were
that considelC. aggregataas C. coralloidesand successively extracted with diethyl ether,
Cladonia genus, with many synonyms (Ahti, chloroform and acetone in Soxhlet apparatus at
1980). C. aggregatahas the barbatic acid as the40°C for 8h. The extracts were concentrated,
main compound, besides other substances suchwasighed and kept in dessecator (Pereira et al.,
the stictic, norstictic and fumarprotocetraric acid 1996). Thalli ofC. aggregata50g) were extracted
whose occurrence depends on the area where timeSoxhlet apparatus at 40°C with diethyl ether for
lichen is found. On the other hand, the specimergh. The ether extract was washed four times in G4
containing barbatic acid are considered afunnel with chloroform until crystal formation
Brazilian chemotype (Ahti et al1993). Barbatic (Asahina, 1954).
acid and usnic acid are reported as efficient again
microorganisms, cancer cells and tumors (Pereit@hemical characterization of C. aggregata and
et al., 1994; Pereira et al., 1997). identification of barbatic acid (BAR)
In preliminary studies, organic extracts andPart of the ether extract &. aggregataand the
barbatic acid fromC. aggregata collected in purified crystals of barbatic acid were analyzed by
Minas Gerais State, showed antimicrobial propertff LC (Culberson, 1972), in “A” solvent system
against Bacillus cereus (UFPEDA - 39) (toluene/dioxan/acetic acid, 180:45:5, v/v), with
(unpublished data). Thus, the aim of the presegosterior spray of 60O, (10%) and heating at
study was evaluate the chemical compositio@.of 100°C, until spots color reaction. HPLC assays
aggregata and the antimicrobial activity of its carried out in a Hitachi Chromatograph, coupled to
purified barbatic acid against four multi-resistantan UV detector (254nm) at room temperature (28
Staphylococcus aureustrains. This is the first + 3°C), under the following conditions: MercksC
report of this species from Pernambuco State.  reverse phase column (254 x 4.6mm), isocratic
solvent system, MeOH, ¥, acetic acid
(80:19.5:0.5, v/v) at 1,0 mL.mi volume of

MATHERIAL AND METHODS injection 2QuL, attenuation 0.04 (Legaz and
Vicente 1983). The samples were diluted at 1.0
Lichen material mg/mL (extracts), or 0.1 mg/mL (purified BAR

Cladia aggregata(Sw.) Nyl. was collected in and standards).

Bonito, Pernambuco State, Northeastern of BrazilThe elemental analysis of BAR was developed in a
The material was identified through morphologicalCarlo Erba analyzer model EA 1110, from 3mg of
and chemical thallus characteristics. An exsiccatpurified substance.

was kept on UFP Herbarium of Universidade'H and *C NMR spectra were recorded in a
Federal de Pernambuco - Brazil voucher n ¥arian Unity Plus 300 spectrometer. TH&C

36431. NMR carried out at 75 MHz antH at 300 MHz,
using DMSO-d6 as solvent in 5mm tubes at room
Occurrence area description temperature. UV spectrum was obtained in a

The Brazilian northeast possesses a humid armRerkin Elmer apparatus, Lambda 6 model, using
warm climate in its coast, and semi arid in thetwe©DMSO as solvent. IR analysis carried out in a
side. Bonito County is located in the interfacespectrometer with a Bruker Fourier transformer
between humid and semi arid landscapes (abowiodel IF566 using KBr disks.

132 km from the coast). In its territory there are
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Antimicrobial activity Biochromatography multiresistent); S. aureus ClI 404 (from
The organic extracts and purified BAR wereoropharynx). It is worthy to mention th&t aureus
submitted to modified method of Cl 404, 155, 311 and CI 27, are resistant to sévera
biochromatography (Homans and Fuchs, 1970gntibiotics, among them: amicacine, cafotaxime,
The samples were applied to silica geksksss chloramphenicol, erythromycine and tetracycline.
Merck plates (05 x 10cm), developed in oneS. aureusCl 311 wasthe more resistant, with
dimensional “A” solvent system additional resistance to cephalotine, penicilind an
(toluene/dioxan/acetic  acid, 180:45:5, v/v)CI 155 to sulfonamides.

(Culberson, 1972). The plates, after solvenThe barbatic acid and ciprofloxacine were
evaporation, were placed in Petri dishes (18 cmyeighed and solubilized in acetone and water,
and over them, was placed a layer (54mL) of solidespectively, to obtain stock solutions of
medium Mueller-Hinton, previously inoculated 2000ug/mL to barbatic acid and 1000 pg/mL to
with a S. aureussuspension (5Q@) at 10 ciprofloxacine chlorydrate (National Committee
CFU/mL* (strains IC 155 or IC 27), from culture for Clinical Laboratory Standards, 2001; Cleeland
collection of Antibiotic Department of and Gunberg, 1986). The Petri dishes containing
Universidade Federal de Pernambuco, Brazil. Thecetone were added to experiments to assure a
results were evaluated by halo formation aroungossible intrinsic effect of this solvent.

the active substance of the extract, separated by

TLC.

RESULTS AND DISCUSSION
Determination of minimal inhibitory
concentration (MIC) Chemical characterization of C. aggregata and

The MIC against four resistai8. aureusstrains identification of barbatic acid (BAR)

was estimated in vitro for barbatic acid. In the thin layer chromatogram (TLC) of ether,
Ciprofloxacine chlorydrate was used as standardhloroform and acetone extracts, spots with Rf 29
The following strains were usefi: aureusCl 155, were shown. They were in agreement with the
Cl 27 and 311 (from vaginal secretion,purified and standard barbatic acid (Fig. 1).

77

46

29
29 29 29

26

— - - - -
TSN BAR ET CHLO AC PUR
BAR

Figure 1 - Thin layer chromatogram of organic extractsCiddia aggregataSw.) Nyl. Captions:
UNS - standard usnic acid; BAR — standard barlzatid; ET — ether extract; CHLO —
chloroform extract; AC — acetone extract; PUR BABUrified barbatic acid. Numbers
means the spots’ Rf values.
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The analysis of organic extracts and purifiechpart from other compounds also detected in
barbatic acid through liquid chromatographylowest content by TLC (Fig. 2). The barbatic acid
(HPLC) ratified the data obtained by TLC, (CigHo00O;), through elemental analysis, showed
showing the highest content of barbatic acid in thé3.33% C and 5.55% H. For experimental
ether extract (92.9%), and the lowest incalculation of purified barbatic acid, the results
chloroform and acetone extracts (82.4% andvere C 62.48% and H 5.44%.

66.3%), with a retention time (RT) around 19 min,

19.745
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Figure 2 - Liquid chromatogram of purified barbatic acid (Ahd organic extracts: ether (B),
chloroform (C) and acetone (D) fro@ladia aggregataSw.) Nyl.

Spectroscopic analysis of purified barbatic acidyroup in 4. In relation to protons, the singletgave
showed UVA nm (loge): 277 (4.28), 304 (3.82). detected at 6.60 and 6.69 ppm, corresponding to 5
IRA™ crit whose spectrum demonstrated arand 5', and hydroxyls of aromatic rings, also in a
aromaticvC-H (3100), CHvas andvs (2990 and singlet form, were detected at 10.73 pphC
2940), vC = O ester (1720)yC = O from NMR (75 MHz, DMSOgd): & 8.1 (Me-8), 22.8
conjugated ester (1670), aromaticC = C (1570 (Me-9), 9.1 (Me-8’), 23.8 (Me-9’), 55.7 (MeO-4),
and 1500)pas ands of CH; (1450 and 1380yc ~ 110.0 (C-1), 151.8 (C-2), 106.3 (C-4), 161.3 (C-4),
— O of ester (1230 and 11361 NMR (300MHz, 107.1 (C-5), 138.9 (C-6), 168.6 (C-7), 159.4 (C-
DMSO-d): & 1.99 (3H,s, Me — 8), 2.00 (3Hs, 1), 111.4 (C-2)), 161.1 (C-3), 116.1 (C-4), 180.
Me-8), 247 (3H,S, Me-9’), 256 (3H,S, Me-9), (C-5'),' 116.1 (C-G')173.2 (C-7’). In this analy3|s,
3.86 (3H,s, MeO-4), 6.60 (1Hs, H-5), 6.69 (1H, the signalsd 8.1; 22.8; 9.1 and 23.8 ppm

s, H-5), 10.73 (1H,s, HO-2). In this protonic corresponded to methyl of carbon atoms in 8, 9, 8’
analysis, the peaks registered at 1.99; 2.00; 2.4nd 9'. In 55.7 ppm, the methoxy group of carbon
and 2.56 ppm corresponding to singlets of methyt Was registered. Every spectroscopic data, as well
groups, in 8, 8, 9 and 9. In 3.86 ppm, a single@S the elemental analysis confirmed the barbatic

was detected due to the presence of a methoRgid chemical structure (Fig. 3).
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Figure 3 - Structure of barbatic acid (§H,,0;), according to spectroscopic analysis. Molecular
weight 360.36; melting point 185-186°C. Numbers ® and 1’ to 9’ refer to carbon of
the molecule.

C. aggregatgroduces stictic, constictic, norstictic whose purified form was in agreement to literature
and cryptostictic acids, but samples from Brazidata (Huneck and Yoshimura, 1996).

have a barbatic acid chemotipe as dominant

(Ahti et al, 1993). Filson (1981) reported Antimicrobial assays

ursolic, barbatic, 4-0O-demethyl-barbatic,The purified barbatic acid and organic extracts of
fumarprotocetraric, protocetraric, homosekikaicC. aggregatawere evaluated as microbial agents.
and norstictic acids, besides some unknowithe material, when evaluated through
substances and triterpenes. The stictic acid wdsochromatographic assays, showed inhibition
reported by Galloway (1985) and diffractaic acid(halo around purified barbatic acid), and this
by Kantvillas and Elix (1987). Ahti and compound in the extract was one of the active
Kashiwadani (1984) recognized these substang®inciples of C. aggregata. The interception
complex described by Filson (1981) in ninebetween the inhibition halos of extracts and
Chilean specimens. They concluded that theurified BAR againsS. aureusstrains 155 and IC
chemical strain containing the fumarprotocetrariQ7, suggested an interaction of this acid and other
acid complex (fumarprotocetraric and substances in the extract.

protocetraric acids, besides Gpland/or Cph After observation of antimicrobial activity exerted
substances) were restricted to one specific areby lichen products, the minimum inhibitory
while those that belonged to barbatic acicconcentration (MIC) of purified barbatic acid for
chemical strain were distributed in other areas. OIC 27, IC 155 and IC 311 strains, was determined.
the other hand, Ahti and Lai (1979) descriiéd The MIC varied among the strains $f aureuslt
aggregatafrom Taiwan, and found only barbatic was 5Qug/mL for all the strains, except for highly
acid in the examined samples. This species igsistant IC 404, whose MIC was 1@@mL.
considered highly variable in its chemistrySeveral studies were conducted with lichen
(Stenroos, 1988). Pereira et al. (2002) detectesbmpounds (Ingélfsdéttir et al.., 1985; Perry et
usnic and stictic acids in samples from Minasl.., 1999; Ribeiro et al., 2002). In addition,
Gerais State. similar results of synergism between lichen
Ahti et al. (1993) found the barbatic acid as majogubstances were observed, after submissioB. of
compound ofC. aggregatdrom Coastal Brazilian subtilisto ether extract dfieterodermia leucomela
Northeast. Its chemical composition can vargthat contained high content of atranorin, and
according to the geographic area of occurrence angorin as accessory substance. Thus, the
season (Huovinen and Ahti, 1986). The studie@iochromatography assays showed the action of
material from Brazilian Northeast, in Bonito sybstances contained in the extracts fr&n
County, showed a high content of barbatic acidaggregata besides the barbatic acid. It was also
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possible due to the action of usnic acid present ianalisado e testado, bem como o extrato orgéanico.
the extract, and / or its interaction with BAR O extrato e a substancia purificada foram testadas
(Falcao et al., 2002). contra 4 linhagens dstaphylococcus aureumnsulti
When compared to other lichen acids, the MIQesistentes. A estrutura do &cido barbatico foi
was around 5@g/mL. For example, usnic acid confirmada através de ensaios de CCD, CLAE, IV,
showed MIC of 32ug/mL againsMycobacterium RMN (*H;*°C), UV e analise elementar (r). O
aurum and between 30-4@/mL for Methyl3- biocromatograma mostrou a acdo deste composto
orcinolcarboxylate against Pseudomonas junto com outras substancias contidas no extrato
aeruginosa This compound, when evaluatedOrganico, sugerindo a acéo sinérgica, a CMI do
againstS. aureusshowed high MIC, between 80- acido barbatico mostrou o0 mesmo nivel de inibicao
16Qug/mL. In contrast to these results, Piovano ef€ outras substancias liquénicas.

al. (2002) found low MIC (15-1xg/mL) of

divaricatic and difractaic acids agaiStaureuslt
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