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Abstract: For centuries, lichens have been used in traditional medicine and their use persists to the present day in some parts of the 

world. Depsidones are one of the classes of secondary metabolites which are mostly produced in lichens. Lichen depsidones have been 

reported to possess many biological activities, such as antitumor and antimicrobial activities. In order to point out the pharmacological 

potential of this class of compounds, the present article reviews the structure and biological properties of the known lichen depsidones. 

The biosynthesis of depsidones and the relationship between their chemical structure and biological activity is also discussed.  
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1. INTRODUCTION 

Natural products are an important source and inspiration for 

new drugs. Among them, lichen metabolites play an important role 

because they are unique with respect to those of higher plants and 

exhibit manifold bioactivities including antimicrobial, antiviral, 

antiinflammatory, analgesic, antipyretic, antiproliferative and cyto-

toxic effects [1]. Lichens, as probably the earliest colonizers of 

terrestrial habitats on the earth [2], have been used in traditional 

medicines for centuries and still hold considerable interest as alter-

native treatments in various parts of the world [3-5]. Despite that, 

their therapeutic potential remains pharmaceutically unexploited. 

From a chemical point of view, the following compound classes 

were identified in lichens: mononuclear phenolic compounds (e.g. 

orcinol and -orcinol derivatives), aliphatic acids (e.g. protoliches-

terinic acid), hydroxybenzoic acid derivatives (e.g. methylparaben), 

dibenzofurans (e.g. usnic acid), depsides (e.g. barbatic acid), dep-

sones (e.g. picrol ichenic acid), quinones (e.g. emodin), pulvinic 

acid derivatives (e.g. vulpinic acid) and epidithiopiperazinediones 

(e.g. scabrosin) [6]. Over 1000 lichen metabolites have been identi-

fied [7]. 

Several reviews about lichen constituents and their biological 

activities have been published [1, 3, 6, 8-15]. Due to difficulties 

involved in isolating pure constituents from crude extracts of li-

chens, which are complex mixtures of various compound classes, 

most of the manuscripts reported only the biological activity of 

crude extracts [16-24]. 

Depsidones are one of the classes of secondary metabolites 

which are mostly produced in lichens. They have been reported to 

possess many biological activities, such as antitumor and antimi-

crobial activities. The aim of this mini review is to summarize the 

data on biologically active lichen depsidones. It will first focus on 

the chemical structure and biosynthesis of lichen depsidones. Due 

to its importance, a detailed summary of biological activities of the 

lichen depsidones will be given. Finally, the relationship between 

the chemical structure and biological activity as well as future per-

spectives will be discussed. To the best of our knowledge, this is 

the first review of lichen depsidones. 

2. THE STRUCTURE OF DEPSIDONES 

All depsidones contain a rigid 11H-dibenzo[b,e][1,4]dioxepin-

11-one ring (Fig. 1) that is substituted in different positions with 

various substituents. Explored by SciFinder Chemical Substructure 

Registry, 806 substances were found with the given substructure. 
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Fig. (1). Structures of orcinol, -orcinol and 11H-dibenzo[b,e] 

[1,4]dioxepin-11-one. 

 

Commonly, depsidones consist of orcinol or -orcinol units 

(Fig. 1) connected by an ether and ester bond.  

Some bioactive depsidones have been found in fungi and higher 

plants. Folipastatin, inhibitor of phospholipase A2 was isolated 

from Aspergillus unguis [25]. Mutagenic mollicellins A, B, C, D, E, 

F, G, and H were found in Chaetomium mollicellum [26], cytotoxic 

botryorhodine A, B were found in Botryosphaeria rhodina [27], 
corynesidones A, B, inhibitors of aromatase were found in Coryne-
spora cassiicola L36 [28]. 

In the case of plant depsidones, atrovirisidone B [29], garcidep-

sidones A-D [30], brevipsidones A-D [31], and garcinisidones B-F 

[32] were isolated from Garcinia sp. plants. All the above-

mentioned plant depsidones show cytotoxic activity [29-32]. 

3. THE BIOSYNTHESIS OF DEPSIDONES 

The biosynthesis of depsidones was first explained by the hy-

pothesis that they involved the oxidative coupling of para-depsides. 

Sala and Sargent postulated that benzophenone may lead to the 

formation of a depsidone through a grisadienedione intermediate 

(Scheme 1, route (a)). This theory is supported by a chemical syn-

thesis in which oxidative coupling of corresponding benzophenones 

readily yielded grisadienediones, which rearranged to depsidones 

under basic, acidic and thermal conditions [33]. Elix and his col-

laborators proposed a theory for biosynthesis of lichen depsidones 

via a meta-depside intermediate (Scheme 1, route (b)), which is 

supported by the chemical synthesis where two depsidones, diva-

ronic acid and stenosporonic acid, were prepared by a biomimetic-

type approach that involved a Smiles rearrangement of a precursor 

meta-depside in the key step [34]. The most recent hypothesis has 

suggested that depsidones biosynthesis involves neither oxidative 

coupling of para-depsides nor oxidation followed by Smiles 

rearangement, but most likely oxidation of para-depsides by dioxy-

genase, followed by the cyclisation of the dihydroxydihydroben-

zene intermediate (Scheme 1, route (c)) [7]. 
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4. BIOLOGICAL ACTIVITY 

Chemical structures of bioactive lichen depsidones are given in 

Fig. (2). Their common names, chemical names, species from 

which they were isolated and published activity are presented in 

Table 1.  

4.1. Cytotoxic Activity  

Most of the biological assays were related to cytotoxicity [35-

42]. Correche et al. [36] tested nine depsidones, four depsides and 

tridepside gyrophoric acid in the cell culture of lymphocytes. They 

found that, in general, depsidones displayed stronger cytotoxic 

activities than depsides. Among them, more active are the structures 

with an aldehyde group and an adjacent hydroxyl group. Thus, the 

strong hydrogen bond displayed between the aldehyde and hy-

droxyl groups could play a key role for the biological response. The 

observed lower cytotoxic activity of stictic acid in comparison with 

salazinic acid activity is in agreement with these observations. 

Namely, the principal structural difference between these acids is 

that the OH group at C10 is methylated in stictic acid, and therefore 

hydrogen bond interactions cannot take place in this molecule. 

Ogmundsdóttir et al. [35] reported that lobaric acid caused a 

significant reduction of DNA synthesis on three malignant cell-

lines (from erythro-leukaemia). Haralsdottir et al. [37] published 

anti-proliferative effects of lobaric acid on 10 other human cancer 

cell lines (Capan-1, Capan-2 and PANC-1 (all originating from the 

pancreas), T47-D (the breast), PC-3 (prostate), NCI-H1417 (small 

lung cells), NIH:OVCAR-3 (the ovaries), AGS (stomach), WiDr 

(colorectal area), HL-60, K-562 and JURKAT (acute promyelo-

cytic, erythro- and T-cell leukemia, respectively).  

Millot et al. [39] isolated variolaric acid and -alectoronic acid 

from the lichen Ochrolechia parella, and evaluated the cytotoxic 

activity of this compounds against B16 murine melanoma cells, 

with IC50 values of 38.7 μM and 10.3 μM, respectively. Salazinic 

acid and its di-O-alkyl derivatives (alkyl = propyl, butyl, pentyl and 

hexyl) were tested on tumor cell lines (HCT-8, SF-295 and MDA / 

MB - 435). Elongation of the alkyl chain causes an increase in the 

cytotoxic activity of these derivatives [41]. 

Diploicin was isolated from the lichen Diploicia canescens and 

showed cytotoxic activities against the B16 murine melanoma and 

HaCaT human keratinocyte cell lines [42]. Pannarin inhibits the 

growth of human prostate carcinoma DU-145 cells [38] and human 

melanoma cells (M14 cell line) [40]. 

4.2. Enzyme Inhibitory Activity 

Some depsidones have been found to posses significant enzyme 

inhibitory activities [43-46]. Neamati et al. [43] examined enzyme 

inhibitory activity of seventeen lichen acids comprising depsides, 

depsidones, and their synthetic derivatives. It was found that depsi-

dones were active against HIV-1 integrase, while depsides were 

not, implying the importance of a rigid polycyclic system for activ-

ity. Virensic acid, its methyl ester granulatine, stictic acid and chlo- 
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Scheme 1. Proposed biosynthetic pathways of the lichen depsidones (route (a) is based on [33], route (b) is based on [34], route (c) is based on [7]). 
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Table 1. Common Names, Chemical Names, Lichen Species from which Bioactive Depsidones were Isolated and their Biological Activities 

Depsidone 

Common Name Chemical Name 

Lichen Species Activity 

-Alectoronic acid 
3,8-dihydroxy-11-oxo-1,6-bis(2-oxoheptyl)-11H-dibenzo[b,e][1,4] dioxepine-7-

carboxylic acid 
Ochrolechia parella Cytotoxic [39]

a
 

Chloropannarin (syn. 

Argopsin) 

2,7-dichloro-3-hydroxy-8-methoxy-1,6,9-trimethyl-11-oxo-11H-

dibenzo[b,e][1,4]dioxepine-4-carbaldehyde 
Erioderma chilense 

Cytotoxic [36]
a
 

Antimicrobial [47]
a
 UV 

protection [53]
a
 

Diploicin 

(syn. Diploicine) 

2,4,7,9-tetrachloro-3-hydroxy-8-methoxy-1,6-dimethyl-11H-dibenzo[b,e][1,4] 

dioxepin-11-one 
Diploicia canescens Cytotoxic [39]

a
 

Fumarprotocetraric acid 
(E)-9-((3-carboxyacryloyloxy) methyl)-4-formyl-3,8-dihydroxy-1,6-dimethyl-11-

oxo-11H-dibenzo [b,e][1,4]dioxepin-7-carboxylic acid 
Cladonia furcata 

Cytotoxic [36]
a
 

Antimicrobial [51]
a
 

Granulatine 
methyl 4-formyl-3,8-dihydroxy-1,6,9-trimethyl-11-oxo-11H-dibenzo [b,e][1,4] 

dioxepine-7-carboxylate 

Pseudocyphellaria granu-

lata and P. faveolata 

Inhibition of HIV-1 integrase 

[43]
a
 

Lobaric acid 

(syn. Usnetic acid) 

8-hydroxy-3-methoxy-11-oxo-1-pentanoyl-6-pentyl-11H-dibenzo 

[b,e][1,4]dioxepine-7-carboxylic acid 
Stereocaulon sp. 

Cytotoxic [35-37]
a
 

Antimicrobial [48]
a
 

Enzymes inhibition [44-46]
a
 

Neuropogonine A 
2-hydroxy-7,9-bis(hydroxymethyl)-1,6-dimethyl-11-oxo-11H-dibenzo 

[b,e][1,4]dioxepine-4-carbaldehyde 

Neuropogonine B 
4-formyl-3-hydroxy-9-(hydroxymethyl)- 8-methoxy-1,6-dimethyl-11-oxo-11H-

dibenzo [b,e][1,4]dioxepine-7-carboxylic acid 

Neuropogonine C 
4-formyl-3-hydroxy-9-(hydroxymethyl)-1,6-dimethyl-11-oxo-11H-

dibenzo[b,e][1,4]dioxepine-7-carboxylic acid 

Neuropogon sp. 
Antimicrobial 

[49]
a
 

Norlobaric acid 
3,8-dihydroxy-11-oxo-1-pentanoyl-6-pentyl-11H-dibenzo [b,e] [1,4] dioxepine-7- 

carboxylic acid 
Stereocaulon sp. 

Inhibition of HIV-1 integrase 

[43]
a
 

Pannarin 
2-chloro-6-hydroxy-3-methoxy-1 ,4,8-trimethyl-11-oxo-11H-dibenzo [b,e] [1,4] 

dioxepine-7-carbaldehyde 
Psoroma sp. 

Cytotoxic [36, 38, 40]
a
 

Antimicrobial [47]
a
 

Antioxidant [40]
a
 

UV protection [52]
a
 

Physodic acid 
3,8-dihydroxy-11-oxo-1-(2-oxoheptyl)-6-pentyl-11H-dibenzo [b,e] [1,4] di-

oxepine-7- carboxylic acid 
Hypogimnia physodes 

Inhibition of HIV-1 integrase 

[43]
a
 Antimicrobial [50]

a
 

Protocetraric acid 
4-formyl-3,8-dihydroxy-9-(hydroxymethyl)-1,6-dimethyl- 

11-oxo-11H-dibenzo[b,e][1,4]dioxepine-7-carboxylic acid 
Parmelia caperata Antimicrobial [51]

a
 

Psoromic acid 

(syn. Parrelic acid ) 

4-formyl-3-hydroxy-8-methoxy-1,9-dimethyl-11-oxo-11H-

dibenzo[b,e][1,4]dioxepine-6-carboxylic acid 

Psoroma sp. 

 

Cytotoxic [36]
a
 

Inhibition of HIV-1 integrase 

[43]
a
 

Salazinic acid 
1,4,10-trihydroxy-5-(hydroxymethyl)-8-methyl-3,7-dioxo-3,7-dihydro-1H-

benzo[e]isobenzofuro[5,4-b][1,4] dioxepine-11-carbaldehyde 

Parmotrema lichexantho-

nicum 

Cytotoxic [36, 41]
a
 

Antimicrobial [41]
a
 

Inhibition of HIV-1 integrase 

[43]
a
 

Stictic acid 
1,4-dihydroxy-10-methoxy- 5,8-dimethyl -3,7-dioxo- 3,7-dihydro- 1H-

benzo[e]isobenzofuro[5,4-b][1,4] dioxepin-11-carbaldehyde 
Parmelia conspresa 

Cytotoxic [36]
a
 

Inhibition of HIV-1 integrase 

[49]
a
 

Antimicrobial [51]
a
 

Variolaric acid 
4,7-dihydroxy-9-methyl-1H-benzo[e]isobenzofuro [5,6-b][1,4] benzodioxepin-

3,10-dione 
Ochrolechia parella Cytotoxic [36, 39]

a
 

Vicanicin 
2,7-dichloro-3-hydroxy-8-methoxy- 

1,4,6,9-tetramethyl-11H-dibenzo [b,e][1,4]dioxepin-11-one 
Erioderma chilense 

Cytotoxic [36]
a
 

 

Virensic acid 
4-formyl-3,8-dihydroxy-1,6,9-trimethyl-11-oxo-11H-dibenzo [b,e] [1,4] 

benzodioxepine-2-carboxylic acid 
Alectoria tortuosa 

Inhibition of HIV-1 integrase 

[43]
a
 

a
 – reference number in the text 

 

roparellic acid all have IC50 of approximately 3 μM. The IC50 for 

parellic, salazinic, physodic and norlobaric acids were 5.3, 12.6, 

30.9 and 39.2 μM, respectively. Among the above mentioned lichen 

acids tested for anti-HIV-1 activity against CEM cells, only the 

virensic acid and granulatine showed moderate activity. Virensic 

acid exhibited lower potency than its methyl ester granulatine per-

haps due to a decreased cellular uptake [43]. 

Lobaric acid, a constituent of the lichen Stereocaulon alpinum, 

inhibited contractile activity of the guinea pig taenia coli at 5.8 μM 

and the formation of cysteinyl-leukotrienes at 5.5μM [44]. This 

lichen acid also inhibits arachidonate 5-lipoxygenase (IC50 = 7.3 

μM) [45], and protein tyrosine phosphatase 1B (PTP1B) (IC50 = 

0.87 μM) [46]. Kinetic analyses of protein tyrosine phosphatase 1B 

inhibition by lobaric acid suggested that this compound inhibited 
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protein tyrosine phosphatase 1B activity in a non-competitive man-

ner [46]. 

4.3. Antimicrobial Activity  

Lichens produce antibiotic secondary metabolites that protect 

them from pathogens in nature [3]. Lichen depsidones have been 

shown to be quite effective against a wide variety of microorgan-

isms including fungi, algae, yeast and both Gram-positive and 

Gram-negative bacteria [41, 47-51].  

Rankovi  and Mi i  [51] tested the antimicrobial activity of 

fumarprotocetraric acid, protocetraric acid and stictic acid against 

six bacteria and ten fungi. The bacterias showed a higher sensitivity 

relative to fungi. The lowest MIC value (0.031 mg/mL) was meas-

ured for the fumarprotocetraric acid related to the Klebsiella pneu-
moniae species. Stictic acid exhibited the weakest antimicrobial 

activity against most of the tested microorganisms. Physodic acid 

demonstrated the weakest antimicrobial activity compared to the 

activity of usnic acid (dibenzofurane) and depsides antranorin and 

gyrophoric acid [50]. Lobaric acid from S. alpinum and salazinic 

acid from Parmelia saxatilis (L.) Ach. were screened for activity 

against Mycobacterium aurum, a non-pathogenic organism with a 

similar sensitivity profile to M. tuberculosis. In vitro susceptibility 

was 125 mg/ml for lobaric acid and 250 mg/ml for salazinic acid 

[48]. Pannarine and 1'-chloropannarine exhibited activity at 50 

μg/ml against promastigote forms of three strains of Leishmania sp. 

[47].  

Neuropogonines A, B and C from Antarctic lichen Neuropogon 
sp. exhibited moderate activity against Mycobacterium vaccae 

10670 (MIC 50 μg/mL) [49]. Salazinic acid and its di-O-alkyl de-

rivatives (alkyl = propyl, butyl, pentyl and hexyl) were tested 

against the bacteria Escherichia coli and Staphylococcus aureus. 
Salazinic acid showed activity only in regards to E. coli. Its deriva-

tives were active against both bacteria but the exhibited activity was 

lower than the activity of standard antibiotic amikacin. It seems that 

elongation of the alkyl chain of salazinic acid does not significantly 

affect antibacterial activity [41].  

4.4. Other Activities 

Lichen depsidones have also demonstrated antioxidant activity 

[41] and possess photoprotector ability [52, 53]. Pannarin is able to 

reduce NO-induced DNA damage, acting as a NO trapper agent, 

and it showed a dose-dependent superoxide scavenging effect [40]. 

Lichen substances strongly absorb UV light and protect phycobi-

onts from dangerous irradiation [3]. Pannarin and 1'-chloro-

pannarin, at a concentration of 10 mM and irradiated at 360 nm, 

inhibited photobinding to human serum albumin by 40.4% and 

31.7%, respectively [52]. Rancan et al. [53] tested 1-chloropannarin 

as possible UV-light filter. The UV light-filtering power of this 

compound is comparable to that of the commercial substances, such 

as Nivea sun Spray LSF 5. 

5. CONCLUDING REMARKS AND FUTURE PERSPEC-
TIVES  

The presented data show that lichen depsidones are diverse in 

their structures (Fig. 2) and biological activity (Table 1). Pharma-

cological investigations of lichen depsidones has revealed that 

many compounds are highly bioactive and that some of them may 

be used as active components of drugs, cosmetics or food supple-

ments. Based on current results, it seems that pannarin, lobaric acid, 

stictic acid, salazinic acid and psoromic acid possess a promising 

potential for use as antitumor drugs. Since all the listed compounds 

are commercially available, it provides opportunities for any further 

study of their therapeutic use. The inhibitory activity of granulatine, 

virensic acid, stictic acid and chloroparellic acid against HIV-1 

integrase is not negligible. According to the MIC values of tested 

lichen depsidones which are many times higher than MIC values of 

standard antibiotics [44, 50-54], their potential as antibiotics is not 

so great. Pannarin and chloropannarin may be useful as new filters 

in the preparation of sun-screen products. However, the application 

of lichen depsidones in the cosmetics industry should be performed 

with caution because some of them cause contact allergy [57]. 
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Fig. (2). Structures of bioactive lichen depsidones.  

 

In the future, the application of modern hyphenated methods 

such as LC-NMR and LC-MS will enable detection and structure 

determination of new lichen depsidones. The basic requirement for 

the application of compounds in the pharmaceutical industry is their 

availability in sufficient quantity. Lichens grow very slowly and 

need to be collected in large amounts, which are necessary for iso-

lating sufficient quantities of bioactive compounds, which in turn 

can endanger their survival. Therefore, beside chemical and bio-

logical studies, biotechnological studies for obtaining depsidones 

should be intensified. Another possibility for production of the most 

active depsidones is chemical synthesis or chemical modification of 

natural depsidones. Computer drug design may help development 

of new synthetic depsidone analogues with enhanced pharmacol-

ogical potency.  



Lichen Depsidones as Potential Novel Pharmacologically Active Compounds Mini-Reviews in Organic Chemistry, 2012, Vol. 9, No. 2    183 

ACKNOWLEDGEMENT 

This work was financially supported by Ministry of Science and 

Technological Development of Serbia (Project 172047). 

CONFLICT OF INTEREST 

None declared. 

REFERENCES 

[1]  Molnar, K.; Farkas, E. Current results on biological activities of lichen 

secondary metabolites: a review. Z. Naturforsch., 2010, 65c, 157-173. 

[2]  Yuan, X.; Xiao, S.; Taylor, T.N. Lichen-like symbiosis 600 million years 

ago. Science, 2005, 308, 1017-1020. 

[3]  Huneck, S. The significance of lichens and their metabolites. Naturwissen-

schaften, 1999, 86(12), 559-570. 

[4]  Upreti, D.K.; Divakar, P.K.; Nayaka, S. Commercial and ethnic use of li-

chens in India. Econ. Bot., 2005, 59(3), 269-273. 

[5]  Gupta, V.K.; Darokar, M.P.; Saikia, D.; Pal, A.; Fatima, A.; Khanuja, S.P.S. 

Antimycobacterial activity of lichens. Pharm. Biol., 2007, 45(3), 200-204. 

[6]  Muller, K. Pharmaceutically relevant metabolites from lichens. Appl. Micro-

biol. Biotechnol., 2001, 56, 9–16. 

[7]  Stocker-Wörgötter, E. Metabolic diversity of lichen-forming ascomycetous 

fungi: culturing, polyketide and shikimate metabolite production, and PKS 

genes. Nat. Prod. Rep., 2008, 25(1), 188-200. 

[8]  Yamamoto, Y.; Kinoshita, Y.; Matsubara, H.; Kinoshita, K.; Koyama, K.; 

Takahashi, K.; Kurokawa, T.; Yoshimura, I. Screening of biological activi-

ties and isolation of biological active compounds from lichens. Recent Res. 

Dev. Phytochem., 1998, 2, 23-24. 

[9]  Romagni, J.G.; Dayan F.E. Structural diversity of lichen metabolites and 

their potential use. In: Advances in Microbial Toxin Research and its Bio-

technological Exploitation; Upadhyay R.K., Ed.; Kluwer Academic/Plenum 

Publishers: New York, 2002; pp.151-169. 

[10]  Boustie, J.; Grube, M. Lichens, a promising source of bioactive secondary 

metabolites. Plant Genet. Resour., 2005, 3, 273-287. 

[11]  Takahashi, K.; Kinoshita, K.; Yamamoto, Y.; Yoshimura, I. Chemical con-

stituents from lichens for pharmaceutical and industrial uses. Folia Crypto-

gam Est., 2005, 41, 109-114. 

[12]  Podterob, A.P. Chemical composition of lichens and their medical applica-

tion. Pharm. Chem. J., 2008, 42, 582-588. 

[13]  Muggia, L.; Schmitt, I.; Grube, M. Lichens as treasure chests of natural 

products. Sim News, 2009, 59, 85-97. 

[14]  Shukla, V.; Pant Joshi, G.; Rawat, M.S.M. Lichens as a potential natural 

source of bioactive compounds: a review. Phytochem. Rev., 2010, 9(2), 303-

314. 

[15]  Boustie, J.; Tomasi, S.; Grube, M. Bioactive lichen metabolites: alpine 

habitats as an untapped source, Phytochem. Rev., DOI 10.1007/s11101-010-

9201-1.  

[16]  Bezivin, C.; Tomasi, S.; Lohezic-Le Devehat, F.; Boustie J. Cytotoxic activ-

ity of some lichen extracts on murine and human cancer cell lines. Phy-

tomedicine, 2003, 10, 49503. 

[17]  Turk, A.O.; Yilmaz, M.; Kivanc, M.; Turk H. The antimicrobial activity of 

extracts of the lichen Cetraria aculeata and its protolichesterinic acid con-

stituent. Z. Naturforsch., 2003, 58c, 850-854. 

[18]  Halama, P.; Van Haluwin, C. Antifungal activity of lichen extracts and 

lichenic acids. BioControl, 2004, 49, 95-107. 

[19]  Odabasoglu, F.; Aslan, A.; Cakir, A.; Suleyman, H.; Karagoz, Y.; Halici, M.; 

Bayir Y. Comparison of antioxidant activity and phenolic content of three li-

chen species. Phytother. Res., 2004, 18, 938-941. 

[20]  Rankovi , B.; Mi i , M. Antifungal activity of extracts of the lichens Alecto-

ria sarmentosa and Cladonia rangiferina. Mikol. Fitopatol., 2007, 41, 276-

281. 

[21]  Schmeda-Hirschmann, G.; Tapia, A.; Lima, B.; Pertino, M.; Sortino, M.; 

Zacchino, S.; Rojas De Arias, A.; Feresin, G.E. A new antifungal and 

antiprotozoal depside from the Andean lichen Protousnea poeppigii. 

Phytother. Res., 2008, 22, 349-355. 

[22]  Esimone, C.O.; Grunwald, T.; Nworu, C.S.; Kuate, S.; Proksch, P.; Uberla, 

K. Broad spectrum antiviral fractions from the lichen Ramalina farinacea 

(L.) Ach. Chemotherapy, 2009, 55, 119-126. 

[23]  Karakus, B.; Odabasoglu, F.; Cakir, A.; Halici, Z.; Bayir, Y.; Halici, M.; 

Aslan, A.; Suleyman, H. The effects of methanol extract of Lobaria pulmon-

aria, a lichen species, on indometacin-induced gastric mucosal damage, oxi-

dative stress and neutrophil infiltration. Phytother. Res., 2009, 23, 635-639. 

[24]  Stojanovi , G.; Stojanovi , I.; Stankov-Jovanovi , V.; Miti , V.; Kosti , D. 

Reducing power and radical scavenging activity of four Parmeliaceae spe-

cies. Cent. Eur. J. Biol., 2010, 5(6), 808-813. 

[25]  Hamano, K.; Kinoshita-Okami, M.; Hemmi, A.; Sato, A.; Hisamoto, M.; 

Matsuda, K.; Yoda, K.; Haruyama, H.; Hosoya, T.; Tanzawa, K. Folipastatin, 

a new depsidone compound from Aspergillus unguis as an inhibitor of phos-

pholipase A2: taxonomy, fermentation, isolation, structure determination and 

biological properties. J. Antibiot., 1992, 45(8), 1195-1201. 

[26]  Stark, A.A.; Kobbe, B.; Matsuo, D.; Buchi, G.; Wogan, G.N.; Demain, A.L. 

Mollicellins: mutagenic and antibacterial mycotoxins. Appl. Environ. Micro-

biol., 1978, 36, 412-420. 

[27]  Abdou, R.; Scherlach, K.; Dahse, H.M.; Sattler, I.; Hertweck, C. Botryor-

hodines A-D, antifungal and cytotoxic depsidones from Botryosphaeria 

rhodina, an endophyte of the medicinal plant Bidens pilosa. Phytochemistry, 

2009, 71(1), 110-116. 

[28]  Chomcheon, P.; Wiyakrutta, S.; Sriubolmas, N.; Ngamrojanavanich, N.; 

Kengtong, S.; Mahidol, C.; Ruchirawat, S.; Kittakoop, P. Aromatase inhibi-

tory, radical scavenging, and antioxidant activities of depsidones and diaryl 

ethers from the endophytic fungus Corynespora cassiicola L36. Phytochem-

istry, 2009, 70(3), 407-413. 

[29]  Permana, D.; Abas, F.; Maulidiani, S.; Khozirah, S.; Johnson, A.; Abdul 

Manaf, L.; Nordin, Hj. Atrovirisidone B, a new prenylated depsidone with 

cytotoxic property from the roots of Garcinia atroviridis. Z. Naturforsch., 

2005, 60c(7/8), 523-526. 

[30]  Xu, Y.J.; Chiang, P.Y.; Lai, Y.H.; Vittal, J.J.; Wu, X.H.; Tan, B.K.H.; Imiy-

abir, Z.; Goh, S.H. Cytotoxic prenylated depsidones from Garcinia parvifo-

lia. J. Nat. Prod., 2000, 63(10), 1361-1363. 

[31]  Ngoupayo, J.; Tabopda, T. K.; Ali, M. S.; Tsamo, E. -Glucosidase inhibi-

tors from Garcinia brevipedicellata (Clusiaceae). Chem. Pharm. Bull., 2008, 

56(10), 1466-1469. 

[32]  Ito, C.; Itoigawa, M.; Mishina, Y.; Tomiyasu, H.; Litaudon, M.; Cosson, J.P.; 

Mukainaka, T.; Tokuda, H.; Nishino, H.; Furukawa, H. Cancer chemopre-

ventive agents. New depsidones from Garcinia plants. J. Nat. Prod., 2001, 

64(2), 147-150. 

[33]  Sala, T.; Sargent, M.V. Depsidone synthesis. Part 16. Benzophenone–grisa-

3',5'-diene-2',3-dione–depsidone interconversion: a new theory of depsidone 

biosynthesis. J. Chem. Soc., Perkin Trans. 1, 1981, 855-869. 

[34]  Elix, J.A.; Jenie, U.A.; Parker, J.L. A novel synthesis of the lichen depsido-

nes divaronic acid and stenosporonic acid, and the biosynthetic implications. 

Aust. J. Chem., 1987, 40(8), 1451-1464.  

[35]  Ogmundsdottir, H.M.; Zoega, G.M.; Gissurarson, S.R.; Ingolfsdottir, K. 

Anti-proliferative effects of lichen-derived inhibitors of 5-lipoxygenase on 

malignant cell-lines and mitogenstimulated lymphocytes. J. Pharm. Pharma-

col., 1998, 50, 107-115. 

[36]  Correche´, E.R.; Carrasco, M. Cytotoxic screening activity of secondary 

lichen metabolites. Acta Farm. Bonaerense, 2002, 21, 273-278. 

[37]  Haralsdottir, S.; Guolaugsdottir, E.; Ingolfsdottir, K.; Ogmundsdóttir, H.M. 

Anti-proliferative effects of lichen-derived lipoxygenase inhibitors on twelve 

human cancer cell lines of different tissue origin in vitro. Planta Med., 2004, 

70, 1098-1110. 

[38]  Russo, A.; Piovano, M.; Lombardo, L. Vanella, L.; Cardile, V.; Garbarino, J. 

Pannarin inhibits cell growth and induces cell death in human prostate carci-

noma DU-145 cells. Anti-Cancer Drugs, 2006, 17, 1163-1169. 

[39]  Millot, M.; Tomasi, S.; Articus, K.; Rouaud, I.; Bernard, A.; Boustie, J. 

Metabolites from the lichen Ochrolechia parella growing under two different 

heliotropic conditions. J. Nat. Prod., 2007, 70(2), 316-318. 

[40]  Russo, A.; Piovano, M.; Lombardo, L.; Cardile, V. Lichen metabolites pre-

vent UV light and nitric-oxide mediated plasmid DNA damage and induce 

apoptosis in human melanoma cells. Life Sci., 2008, 83, 468–474. 

[41]  Micheletti, A.C.; Beatriz, A.; Pires de Lima, D.; Honda, N.K.; Pessoa, C.; 

Odorico de Moraes, M.; Lotufo, L.V.; Magalhaes, H.I.F.; Carvalho, Nadia, 

C.P. Chemical constituents of Parmotrema lichexanthonicum Eliasaro & 

Adler - isolation, structure modification and evaluation of antibiotic and cy-

totoxic activities. Quim. Nova, 2009, 32(1), 12-20. 

[42]  Millot, M.; Tomasi, S.; Studzinska, E.; Rouaud, I.; Boustie, J. Cytotoxic 

constituents of the lichen Diploicia canescens. J. Nat. Prod., 2009, 72(12), 

2177-2180. 

[43]  Neamati, N.; Hong, H.; Mazumder, A.; Wang, S.; Sunder, S.; Nicklaus, M.C. 

George W.A.M.; Proksa, B.; Pommier, Y. Depsides and depsidones as in-

hibitors of HIV-1 integrase: discovery of novel inhibitors through 3D data-

base searching. J. Med.Chem., 1997, 40, 942-951. 

[44]  Gissurarson, S.; Sigurdsson, S.; Wagner, H.; Ingolfsdottir, K. Effect of 

lobaric acid on cysteinyl-leukotriene formation and contractile activity of 

guinea pig Taenia coli. J. Pharmacol. Exp. Ther., 1997, 280, 770-773. 

[45]  Ingolfsdottir, K.; Gissurarson, S.R.; Muller-Jakic, B.; Breu, W.; Wagner, H. 

Inhibitory effects of the lichen metabolite lobaric acid on arachidonate me-

tabolism in vitro. Phytomedicine, 1996, 2(3), 243-246. 

[46]  Seo, C.; Sohn, J.H.; Ahn, J.S.; Yim, J.H.; Lee, H.K.; Oh, H. Protein tyrosine 

phosphatase 1B inhibitory effects of depsidone and pseudodepsidone me-

tabolites from the Antarctic lichen Stereocaulon alpinum. Bioorg. Med. 

Chem. Lett., 2009, 19, 2801-2803. 

[47]  Fournet, A.; Ferreira, M.E.; Rojas de Arias, A.; Torres de Ortiz, S.; Inchausti, 

A.; Yaluff, G.; Quilhot, W.; Fernandez, E.; Hidalgo, M.E. Activity of com-

pounds isolated from Chilean lichens against experimental cutaneous 

leishmaniasis. Comp. Biochem. Physiol., Part C: Pharmacol., Toxicol. Endo-

crinol., 1997, 116(1), 51-54. 

[48]  Ingolfsdottir, K.; Chung, G.A.; Skulason, V.G.; Gissurarson, S.R; 

Vilhelmsdóttir, M. Antimycobacterial activity of lichen metabolites in vitro. 

Eur. J. Pharm. Sci., 1998, 6, 141-144. 

[49]  Ivanova, V.; Aleksieva, K.; Kolarova, M.; Chipeva, V.; Schlegel, R.; 

Schlegel, B.; Gräfe, U. Neuropogonines A, B and C, new depsidon-type me-

tabolites from Neuropogon sp., an antarctic lichen. Pharmazie, 2002, 57, 73-

74. 



184    Mini-Reviews in Organic Chemistry, 2012, Vol. 9, No. 2 Stojanovi  et al. 

 

[50]  Rankovi , B.; Mi i , M.; Sukdolak, S. The antimicrobial activity of sub-

stances derived from the lichens Physcia aipolia, Umbilicaria polyphylla, 

Parmelia caperata and Hypogymnia physodes. World J. Microbiol. Biotech-

nol., 2008, 24, 1239-1242. 

[51]  Rankovi , B.; Mi i , M. The antimicrobial activity of the lichen substances 

of the lichens Cladonia furcata, Ochrolechia androgyna, Parmelia caperata 

and Parmelia conspersa. Biotechnol. Biotechnol. Equip., 2008, 22, 1013–

1016. 

[52]  Fernandez, E.; Reyes, A.; Hidalgo, M.E.; Quilhot,W. Photoprotector capacity 

of lichen metabolites assessed through the inhibition of the 8-

methoxypsoralen photobinding to protein. J. Photochem. Photobiol. B, 1998, 

42, 195-201. 

[53]  Rancan, F.; Rosan, S.; Boehm, K.; Fernández, E.; Hidalgo, M.E.; Quihot, 

W.; Rubio, C.; Boehm, F.; Piazena, H.; Oltmanns, U. Protection against 

UVB irradiation by natural filters extracted from lichens. J. Photochem. Pho-

tobiol. B, 2002, 68, 133-139. 

[54]  Thune, P.; Solberg, Y.J. Photosensitivity and allergy to aromatic lichen acids, 

Compositae oleoresins and other plant substances. Contact Dermatitis, 1980, 

6, 81–87. 

Received: April 18, 2011 Revised: June 28, 2011 Accepted: July 12, 2011 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




