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Abstract 

 
Lichen is a symbiotic organism composed of a fungus with a photosynthetic partner usually either a green 
algae or cyanobacterium. The aqueous extract of lichens produce a number of secondary metabolites with 
varying biological activities including antibiotic, antimycobacterial, antiviral, anti-inflammatory, analgesic, 
antipyretic, antiproliferative and cytotoxic effects against various diseases. Secondary metabolites produced 
by lichens are used to monitor air pollution, food for humans and animals, and also control the biodetoriation 
problems. It has a potential application in the field of natural dyeing. The drug derived from the secondary 
metabolites of lichen, usnic acid has a potential effect in cancer therapy due to its antimitotic and 
antiproliferative action. The antioxidant property of secondary metabolites plays a major role in treatment of 
various diseases. This review will summarize the origin, types, secondary metabolites and applications of 
some lichens.   
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Introduction 
Lichens are formed through symbiosis between a fungal 
and a photosynthetic partner such as algae or 
cyanobacteria. More than 17,000 species and over 800 
lichen products are known to be utilized by mankind eg., 
for dying, pollution monitoring, perfumery, floral 
decorations, as well as for dietary and medicinal 
purposes (Ingolfsdottir, 2002). Components such as 
usnic acid are utilized for perfumery and for medicinal 
purposes (Huneck, 1999). They do not have roots, leafs 
or flowers so they take water and nutrients directly from 
the atmosphere and also other substances from air and 
other atmospheric pollutants. These ones are not  
well-spent and are accumulated in their tissues 
(Wolterbeek, 2002). The fact that lichens produce a thick 
layer on the stone and protect the surface from 
environmental factors, suggests a possible role of lichens 
as a protective coating, especially against an aggressive 
environment (Lallemant and Deruelle, 1978). Lichens 
have bio-accumulator capacity and high sensitivity 
towards specific pollutants. Pollution effects in lichens 
are shown in the decrease of sorts of lichens number 
due to the break-up of symbiotic association. Therefore, 
lichens are used as bio-indicators according to the 
presence/absence of kinds of lichens in the environment.  
An aqueous extract of lichen species Lobaria pulmonaria 
is foliose (leaf-like) lichen. It is pale brown when dry and 
bright green when wet.  

 
 
 
Lichens has been used widely in folk medicine for 
treatment of various diseases, such as eczema, 
respiratory diseases, pulmonary diseases and arthritis, 
also used as food and cosmetics (Biswas, 1956; Zeybek 
and John, 1992) and it also has the function of anti-
inflammatory and antiulcerogenic effects. Lichens have 
been used for medicinal purposes throughout the ages, 
such as Cetraria islandica, (Iceland moss), Lobaria 
pulmonaria and Cladonia species were reported to be 
effective in the treatment of pulmonary tuberculosis 
(Vartia, 1973). Lichens are important food for many 
animals, including man (Richardson, 1988). They are 
used in the production of alcohol, paints, as well as in the 
perfumes and the pharmaceutical industries. Different 
bioactive secondary metabolites have been isolated from 
lichens and some of them are used in pharmaceutical 
sciences. Several lichen extracts have been used for 
various remedies in folk medicine and screening the 
lichens has revealed the frequent occurrence of 
metabolites with antibiotic, antimycobacterial, antiviral, 
antitumour, analgesic and antipyretic properties (Vartia, 
1973; Lawrey, 1983; Lawrey, 1989; Ingolfsdottir et al., 
1997) and also with antiproliferative (Ogmundsdottir et 
al., 1998), antioxidant (Hidalgo et al., 1994), anti-HIV 
(Neamati et al., 1997). Some lichen species are used as 
stomachic and anti-diabetic drug in Turkish folk medicine 
(Baytop, 1999).  
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Lichen forming fungi produce antibiotic secondary 
metabolites that protect many animals from pathogenic 
microorganisms (Lawrey, 1989). The first study of the 
antibiotic properties of lichens was carried out by 
Burkholder et al. (1944). Some lichens have 
ethnopharmacological properties reported from Cetraria 
islandica which is used as a cough remedy (Van 
Haluwyn and Lerond, 1993). Aliphatic alpha-methylene-
gamma-lactone isolated from lichen, C. islandica was a 
potent inhibitor of DNA polymerase activity of human 
immunodeficiency virus-1 reverse transcriptase (HIV-1 
RT) (Pengsuparp et al., 1995).  
 
Lichen symbiosis  
Lichen symbiosis is one of the most successful ways 
whereby fungi fulfill their requirement for carbohydrates, 
with nearly one fifth of all known fungal species being 
obligate lichen-forming species. More than 40% of all 
known as Ascomycota species are lichenized. They are 
found nearly in all terrestrial habitats from poles to 
tropics, ranging from marine (littoral) and fresh water 
aquatic habitats to xeric environments. Lichens are the 
dominant life forms occur 8% in the land surface of the 
earth, including polar, alpine and coastal habitats where 
fog and water vapor are abundant. Another measure of 
their ecological success is their nearly ubiquitous ability 
to colonize various substrates. They can grow on or 
inside rocks (epilithic or endolithic), on or inside the bark 
of woody plants as epiphytes, on wood, soil, mosses, 
leaves of vascular plants (especially in the tropics), on 
other lichens, as well as on man-made substrates such 
as concrete, glass, metals and plastics (Joneson and 
Lutzoni, 2009).  
 
Lichens reproduction 
Lichen reproduction requires the transmission of fungal 
and photosynthetic partners from one generation to the 
next. If the mycobiont reproduces sexually, the fungal 
spores upon germination need to find a compatible 
photobiont and resynthesize which is called as lichen 
symbiosis de novo (horizontal transmission of the 
photobiont) (Richardson, 1988). If the mycobiont 
reproduces asexually, the photobiont is most often 
transmitted to the next generation with its mycobiont 
through specialized vegetative propagules (such as 
soredia or isidia), or through thallus fragments containing 
both symbionts (vertical transmission of the photobiont). 
This occurs since sexual reproduction of the fungal 
partner seems to be the most common mode of 
reproduction (Wolterbeek, 2002).  
 
Types of lichens  
Lichens have a variety of different growth forms. The 
simplest lichens are crusts of loosely mixed fungal 
hyphae and algae. Others are more complex with leafy 
or shrubby forms like miniature trees having specialized 
structures attached on them to a surface. Crustose (or 
Crustaceous) lichens are encrusting forms which spread 
over and into the surface of their habitat. They cannot be 
removed from the surface without crumbling away. In all 

lichens, the fungus forms a thallus or lichenized stroma 
that may contain unique secondary compounds.  
The lichens occupying rocks as their substrates are 
generally known as saxicolous species which can be 
divided into three distinct groups: crustose, foliose, and 
fruticose, basically in the terms of the modes of 
attachment to the substrate (Carcia-Rowe and Saiz-
Jimenez, 1991). Foliose lichens are lichens with leafy 
lobes, which spread out in a horizontal layer over the 
surface. They are attached by root-like threads and can 
be easily removed with a knife. Fruticose lichens are 
shrubby forms with many branches. They can be 
removed from the surface by hand. Filamentous (hair-
like) lichens are totally different. They consist of chains of 
algal cells wrapped around with fungal hyphae. Leprose 
(powdery) lichens are an odd group of lichens which 
have never been observed to produce fruiting bodies. 
Because, knowledge of the form of the fruiting bodies is 
essential for the identification of fungi, these lichens have 
not yet been identified properly or at least not yet given 
full scientific names.  
 
These fungi not only lack an inner cortex, but also lack 
an outer one, i.e. no cortex, only an algal cell layer and 
sometimes a weakly defined medulla. Squamulose 
(consisting of small scale-like structures, lacking a lower 
cortex) lichens have a portion of their thallus lifted off the 
substrate to form 'squamules'. They are otherwise similar 
to crustose lichens which possess an upper cortex but 
not any lower cortex. In gelatinous lichens, cyanobacteria 
produce polysaccharide which absorbs and retains 
water. There are many gradations of forms in between 
these three main groups and lichen may not always fit 
clearly into one or other of these artificial categories 
(Culberson et al., 2009).  
 
Secondary metabolites 
Different bioactive secondary metabolites have been 
isolated from lichens and some of them are used in 
pharmaceutical sciences. Usnic acid is a natural 
compound normally found in lichen species belonging to 
the genus Usnea. Usnic acid is a very active lichen 
substance used in pharmaceutical preparation, active 
against microorganisms and viruses as well as 
analgesics and antipyretics (Proksa and Proksova, 
1999). This compound inhibits bacterial as well as 
eukaryotic cell proliferation in vitro. Its antimitotic and 
antiproliferative action was shown in a variety of 
biological systems including higher plant cells (Rowe et 
al., 1991). Also, the pharmacological potential of usnic 
acid has been evaluated in the control of tumor 
proliferation (Cardarelli et al., 1997). Its pharmacological 
potential against hyperproliferative skin diseases, such 
as psoriasis (Periera et al., 1994) as well as parasitic 
infestations (Kumar and Muller, 1999) has been 
evaluated. Evident toxic effects for usnic acid seem to be 
absent both in pharmaco-kinetics studies in mouse. 
Pulvinic acids constitute a group of natural products 
containing a g-alkylidenebutenolide ring system. They 
have been isolated from several lichens and higher fungi 
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and represent bright yellow and orange pigments. A 
number of regioselective and non-regioselective 
syntheses of unsymmetrical pulvinic acids have been 
reported (Fournet et al., 1997). This acid has the 
antioxidant properties. Boldine are natural products 
whose medical properties are well-known for many 
decades. Boldine has been shown to possess 
antioxidant activity (Brodo et al., 1999, Jang et al., 2000), 
anti-inflammatory effects as well as photo protector 
capacity (Hidalgo et al., 1998).  
 
Applications of lichens 
Lichens have been used widely in folk medicine for 
treatment of various diseases, such as eczema, 
respiratory diseases, pulmonary diseases and arthritis, 
also used as food and cosmetics. The following sections 
will discuss about the applications of some lichens. 
 
Heavy metal stress tolerance and sorption 
Many lichens can cope with heavy-metal stress. Some 
secondary metabolites of lichens such as depsides and 
depsidones produced by the fungal symbiont and 
accumulated on the outer surface of its hyphae, are 
supposed to play an important role in the extracellular 
immoblilization of heavy metals (Purvis and Pawlik-
Skowron, 2008). In heavy-metal-polluted areas, lichens 
accumulate high amounts of heavy metals (e.g. Cu, Zn, 
Pb, Cd, Mn) indicating it as a strong metal tolerant 
(Sarret et al., 1998). Copper ion sorption in lichens owing 
to the ion exchange between the surroundings (aqueous 
solution) and the lichen cation active layer. The course of 
sorption of these ions, similarly as in the case of cations 
of other heavy metals, depends on the concentration and 
type of cations naturally found in lichen surroundings: H+, 
Na+, K+, Mg2+ and Ca2+ (Andrzej et al., 2007).  
 
 
Activity on human cancer cell lines  
Fruticulous or foliaceous lichen species extracts has the 
cytotoxic effect on four human cancer cell lines. The four 
cancer cell lines are: cK- 562: chronic myelogenous 
leukaemia, the U251: glioblastoma, the DU145: Prostate 
carcinoma and the MCF7: breast Adenocarcinoma. 
Among these the extracts from Cladonia convoluta, 
Cladonia rangiformis, Parmelia caperata, Platismatia 
glauca and Ramalina cuspidata demonstrated interesting 
activities particularly on human cancer cell lines (Bezivin 
et al., 2003).  
 
Antioxidants  
Free radicals play an important role in many chemical 
processes in the cells, but they are also associated with 
unwanted side effects, causing cell damage. Since 
synthetic antioxidants are often carcinogenic, finding 
natural substitutes is of great interest. Lichens have been 
found to contain a variety of secondary lichen 
substances, which are strong antioxidant compounds. 
Antioxidants can interfere with the oxidation process by 
reacting with free radicals, chelating free catalytic metals 
and also by acting as oxygen scavengers.  

Phenolic antioxidants function as free radical terminators 
and metal chelators (Shahidi and Wanasundara, 1992). 
The antioxidants produced by lichens may be used to 
preserve food quality from oxidative deterioration of lipid. 
Therefore, antioxidants play a very important role in the 
food industry. Synthetic antioxidants, such as butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 
and tert-butylhydroquinone (TBHQ) are widely used in 
the food industry, but BHA and BHT have suspected of 
being responsible for liver damage and carcinogenesis 
(Grice, 1986). Cetraria islandica is well-known in Turkish 
folk medicine which is used for treatment of diseases 
such as hemorrhoids, bronchitis, dysentery and 
tuberculosis (Sanchez-Moreno et al., 1999). 
 
Protolichesterinic acids, alpha-methylene-gamma- 
lactone, fumarprotocetric acid and β-orcinol depsidone 
are considered as major biologically active secondary 
metabolites of C. islandica. The secondary metabolites 
from C. islandica exhibited high antimiyobacterial activity 
(Wichi, 1988). All concentrations of aqueous extract of  
C. islandica showed higher antioxidant activities (Gülçin 
et al., 2002) which increased when increasing the 
concentration of extracts (from 50 to 500 μg) added to 
linoleic acid emulsion.  
 
Bioindicators 
Lichens are used as bioindicators and/or 
bioaccumulations to identify PAHs (Polycyclic aromatic 
hydrocarbons), phenols and trace metals (Pawlik-
Skowron et al., 2008). Combustion processes from road 
traffic, industrial sector and home heating are the main 
responsible for the generation of PAHs (Samanta et al., 
2002; Grynkiewicz et al., 2002). These toxic compounds 
are present largely in air, water, aerosols, soils and 
sediments (Kipopoulou et al., 1999; Haawthorne et al., 
2000). Usnea longissima is one of the lichen species that 
are most sensitive to air pollution. In some European 
countries, its health was accepted as an indicator of air 
pollution. The presence of U. longissima indicates clear 
air, while its absence indicates polluted air. It has been 
used to strengthen hair and also used in the production 
of hygienic products for women (Brodo et al., 1999). It 
has also been used widely as an expectorant, for wound 
dressing and to stanch nose bleeding, as well as in the 
treatment of ulcers. It has also been used in the 
treatment of injuries to the legs and loins, bone fractures, 
and skin eruptions (Blackwell, 1990; Lal and Upreti, 
1995).  
 
Conclusion  
The review reported about origin, types, secondary 
metabolites and their applications. The secondary 
metabolites produced by lichens have vast application in 
medical, therapeutic, food, and perfumery and also in 
dyeing purposes. Due to rapid increase in air pollution 
and global warming issues, environment faces numerous 
issues which can be overcome only by the environment 
friendly lichens. So it’s our duty to protect the precious 
lichens and save our mother nature.      



J. Acad. Indus. Res. Vol. 1(1) June 2012             48 
 

©Youth Education and Research Trust (YERT)                                                                               Jayanthi et al., 2012  

References 
1. Ascaso, C. and Wierzchos, J. 1994. Structural 

aspects of the lichen-rock interface using back-
scattered electron imaging. Botanica Acta. 107: 251-
256.  

2. Baytop, T. 1999. Therapy with Medicinal Plants in 
Turkey (Past and Present). Istanbul University, 
Istanbul. 233.  

3. Bézivin C., Tomasi, S., Lohézic-Le Dévéhat, F. and 
Boustie J. 2003. Cytotoxic activity of some lichen 
extracts on murine and human cancer cell lines. 
Phytomed. 10(6):499-503.  

4. Biswas, K. 1956. Common medicinal plants of 
Darjeeling and the Sikkim-Himalayas. Kolkata, pp. 90  

5. Blackwell, W.H. 1990. Poisonous and Medicinal 
Plants. Prentice-Hall, Englewood Cliffs, p.103 

6. Brodo, M.I., Sharnoff, S.D. and Sharnoff, S. 1999. 
Lichens of North America. Yale University Press, New 
Haven and London. pp. 721–723.  

7. Burkholder, P.R., Evans, A.W., McVeigh, I. and 
Thornton, H.K. 1944. Antibiotic Activity of Lichens. 
Proceedings on National Academic Science, USA, 
30(9): 250-255. 

8. Carcia-Rowe, J., Saiz-Jimenez, C. 1991. Lichens and 
bryophytes as agents of deterioration of building 
materials in Spanish cathedrals. Int. Biodeterior. 28: 
151–163.  

9. Cardarelli M., Serino, G., Campanella, L., Ercole, P., 
De Cicco Nardone, F., Alesiani, O. and Rossiello, F. 
1997. Antimitotic effects of usnic acid on different 
biological systems. Cell. Mol. Life Sci. 53: 667–672.  

10. Culberson, W.L., Egan, R.S. and Esslinger, T.L. 
2009. Recent literature on lichens. 
http://www.nhm.uio.no/botanisk/bot-us/lav/sok_rll.htm 

11. Fournet, A., Ferreira, M.E., Rojas de Arias, A., Torres 
de Ortiz, S., Inchausti, A., Yaluff, G., Quilhot, W., 
Fernandez, E. and Hidalgo, M.E. 1997. 
Photoprotector capacity of lichen. Comp. Biochem. 
Physiol. Pharmacol. Toxicol. Endocrinol. 116: 51–54.  

12. Galloway, D.J., 1994. Biogeography and ancestry of 
lichens and other ascomycetes. In: Hawksworth, D.L.. 
Ed, Ascomycet Systematics. Problems and 
Perspectives in the Nineties. Plenum, New York, 
pp.175–184.  

13. Grice, H.C. 1986. Safety Evaluation of Bbutylated 
Hydroxytoluene (BHT) in the Liver, Lung and 
Gastrointestinal Tract. Food Chem. Toxicol. 24: 
1127–1130.  

14. Grynkiewicz M., Polkowska, Z. and Namiesnik, J. 
2002. Determination of polycyclic aromatic 
hydrocarbons in bulk precipitation and runoff waters 
in an urban region (Poland). Atmos. Environ. 36: 361-
369.  

15. Gülçin, I., Oktay, M., Küfrevioğlu, O.I. and Aslan, A. 
2002. Determination of antioxidant activity of lichen 
Cetraria islandica (L). Ach. J Ethnopharmacol. 79(3): 
325-9.  

16. H.M. Ogmundsdottir, G.M. Zoega, S.R. Gissurarson, 
K. Ingolfsdottir. J. Pharm. Pharmacol. 1998, 50, 107–
115  

17. Haawthorne S.B., Grabanski, C.B., Martin, E. and 
Miller, D.J. 2000. Comparisons of Soxhlet extraction, 
pressurized liquid extraction, supercritical fluid 
extraction and subcritical water extraction for 
environmental solids: recovery, selectivity and effects 
on sample matrix. Chromatogr. A. 892: 421-433.  

18. Hidalgo M.E., Gonzales, I., Toro, F., Fernandez, E., 
Speisky, H. and Jimenez, I. 1998. Boldine as a 
sunscreen. Cosmetic Toiletries. 113: 59–66.  

19. Hidalgo, M.E., Fernandez, E., Quilhot, W. and Lissi, 
E. 1994. Antioxidant capacity of depsides and 
depsidones. Phytochem. 37: 1585–1587  

20. Huneck, S. 1999. The significance of lichens and their 
metabolites. Naturwissenschaften. 86: 559–570.  

21. Ingolfsdottir, K., Hjalmarsdottir, M.A., Guojonsdottir, 
G.A., Brynjolfsdottir, A., Sigurdsson, A. and Stein-
grimsson, O. 1997. In vitro susceptibility of Helico- 
bacter pylori  to protolichesterinic acid from Cetraria 
islandica. Antimicrob. Agents Chemotherapy. 41: 215-
217.  

22. Ingolfsdottir, K.. 2002. Molecules of interest: Usnic 
acid. Phytochem. 61: 729–736.  

23. Jang Y.Y., Song, J.H., Shin, Y.K., Han, E.S. and Lee, 
C.S. 2000. Protective effect of boldine on oxidative 
mitochondrial damage in streptozotocin-induced 
diabetic rats. Pharmacol. Res. 42: 361–371.  

24. Joneson, S. and Lutzoni, F. 2009. Revisiting 
compatibility and thigmotropism in the lichen 
symbiosis. Symbiosis. 47: 109–115.  

25. Kipopoulou A.M., Ma˜noli, E. and Samara, C. 1999. 
Bioconcentration of Polycyclic Aromatic 
Hydrocarbons (PAHs) in vegetables grown in an 
industrial area. Environ. Poll. 106: 369-380.  

26. Kłos Andrzej, Rajfur Małgorzata, Wacławek Maria, 
Wacławek Witold. 2007. Heavy metal sorption in the 
lichen cationactive layer. Bioelectrochem. 71(1): 60-
65.  

27. Kumar K.C. and Muller, K. 1999. Lichen metabolites. 
J. Nat. Prod. 62: 821–823.  

28. Lal, B. and Upreti, D.K. 1995. Ethnobotanically notes 
on three Indian lichens. Lichenologist. 27: 77–79.  

29. Lallemant, R. and Deruelle, S. 1978. Presence des 
lichens sur les monuments en Pierre: nuisance or 
protection. In: Proceedings International Symposium 
on Deterioration and Protection of Stone Monuments. 
UNESCO-RILEM, Paris, 4-6.  

30. Larson, D.W., 1987. The absorption and release of 
water by lichens. In: Peveling, E. Ed. , Progress and 
Problems in Lichenology in the Eighties. Bibliothca 
lichenologica 25 J. Cramer, Berlin, pp. 351–360.  

31. Lawrey, J.D. 1986. Biological role of lichen. Bacillus 
subtilis, Proteus vulgaris, Aeromonas substances. J. 
Bryol. 89(2): 111-122.  

32. Lawrey, J.D. 1989. Lichen secondary compounds: 
evidence for a correspondence between antiherbivore 
and antimicrobial function. J. Bryol. 92: 326-328.  

33. Migaszewski, Z.M., Gałuszka, A. and Pasławski, P. 
2002. Polynuclear aromatic hydrocarbons, phenols 
and trace metals in selected soil profiles and plant 



J. Acad. Indus. Res. Vol. 1(1) June 2012             49 
 

©Youth Education and Research Trust (YERT)                                                                               Jayanthi et al., 2012  

bioindicators in the Holy Cross Mountains, south-
central Poland. Environ Int. 28: 303-313. 

34. Neamati, N., Hong, H., Mazumder, A., Wang, S., 
Sunder, S., Nicklaus, M.C., Milne, G.W., Proksa, B. 
and Pommier, Y. 1997. Depsides and depsidones as 
inhibitors of HIV-1 integrase: discovery of novel 
inhibitors through 3D database searching. J. Med. 
Chem. 40: 942–951  

35. Pawlik-Skowron´ ska, B., Wójciak, H. and Skowron´ 
ski, T. 2008. Polynuclear aromatic hydrocarbons, 
phenols, and trace metals in selected soil profiles and 
plant bioindicators in the Holy Cross Mountains. Pol. 
J. Ecol. 56, 195–207.  

36. Pengsuparp, T., Cai, L., Constant, H., Fong, H.H.S., 
Lin, L.Z., Kinghorn, A.D., Pezzuto, J.M., Cordell, G.A., 
Ingolfsdottir, K., Wagner, H. and Hughes, S.H. 1995. 
Mechanistic evaluation of new plant-derived 
compounds that inhibit HIV-1 reverse transcriptase. J. 
Natural Prod. (Lloydia). 58: 1024–1031.  

37. Periera E.C., Nascimento, S.C., Lima, R.C., Silva, 
N.H., Oliveira, A.F., Bandeira, E., Boitard, M., Beriel, 
H., Vicente, C. and Legaz, M.E.  1994. Analysis of 
Usnea fasciata crude extracts with antineoplastic 
activity. Tokai J. Exp. Clin. Med. 19: 47–52.  

38. Proksa B. and Proksova, A. 1999. Lichens 
metabolites. Usnic acid and its biological activity. 
Farm. Obz. 68: 139–143.  

39. Purvis, O.W., Pawlik-Skowron´ ska, B. 2008. Lichens 
and metals. In: Avery, S.V., Stratford, M., van West, 
P. (Eds.), Stress in Yeasts and Filamentous Fungi. 
The British Mycological Society. Elsevier Ltd., pp. 
175–200.  

40. Richardson, D.H.S. 1988. Medicinal and other 
Economic aspects of lichens, in CRC handbook of 
lichenology, Galun, M., (Ed.) CRC press, Boca Raton, 
FL. 1: 93-108.  

41. Rowe J.G., Saenz, M.T., Garcia, M.D. and Gil, A.M. 
1991. The use of algae and lichens as auxiliary and 
substitute materials for pharmaceutical purposes. 
Ann. Pharm. Fr. 49: 278–285.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

42. Samanta S.K., Singh, O.V. and Jain, R.K. 2002. 
Polycyclic aromatic hydrocarbons: environmental 
pollution and bioremediation. Trends Biotechnol. 20: 
243-248.  

43. Sanchez-Moreno, C., Larrauri, J.A. and Saura-
Calixto, F. 1999. Free radical scavenging capacity 
and inhibition of lipid oxidation of wines, grape juices 
and related polyphenolic constituents. Food Res. Int. 
32: 407–412.  

44. Sarret, G., Manceau, A., Cuny, D., van Haluwyn, C., 
Déruelle, S., Hazemann, J.L., Soldo, Y., Eybert-
Bérard, L. and Menthonnex, J.J. 1998. Molecular 
mechanisms of Pb and Zn hyperaccumulation and 
tolerance in lichens. Environ. Sci. Technol. 32: 3325–
3330.  

45. Shahidi, F. and Wanasundara, P.K.J.P.D. 1992. 
Phenolic antioxidants. Sci. Nutr. 32: 67–103.  

46. Speisky, H., Cassels, B.K., Lissi, E. and Videla, L. 
1991. Antioxidant properties of the alkaloid boldine in 
systems undergoing lipid peroxidation and enzyme 
inactivation. Biochem. Pharmacol. 41: 1575–1581.  

47. Taylor, T.N., Hass, H., Remy, W. and Kero, H. 1995. 
The oldest fossil lichen. Nature. 378: 244  

48. Van Haluwyn, C., Lerond, M. 1993. Guide des 
lichens. Paris, Lechevalier Williams DE.  

49. Vartia, K.O. 1973. Antibiotics in Lichens, In Lichen 
V.Ahmadjian and M.E. Hale (Ed.), the lichens, 
Academic press, Inc., New York. 547-561.  

50. Wichi, H.P. 1988. Enhanced tumor development by 
butylated hydroxyanisole (BHA) forms the prospective 
of effecton forestomach and oesophageal squamous 
epithelium. Food Chem. Toxicol. 26: 717–723.  

51. Wolterbeek, B. 2002. Biomonitoring of trace element 
air pollution: Principles, possibilities and perspectives. 
Environ. Poll. 120: 11–21. 

52. Zeybek, U. and John, V. 1992. Likenler (Lichenes), 
Kimyasal Bilesikleri ve Tibbi. Kullammlari. Pharmacia 
JTPA. 32(1): 37-48.  

 
 
 
 
 
  
 
 


