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REVIEW OF LITERATURE 

2.1a. Lichens and its forms 

Lichens are "composite organisms" made up of two, or may be three, 

completely different kinds of organisms with its part fungus and usually the 

other species as photosynthesizing alga, but sometimes it can be a 

photosynthesizing bacterium known as a cyanobacteria. On the basis of 

external morphology or growth forms, lichen thalli are distinguished into 

four categories namely Crustose (Lecanora, Lecidia, Lepraria, Vezaea etc.), 

Squamulose (Cladonia, Endocarpon, Psora, Tonina and some species of 

Parmeliella and Pannaria), Foliose and Fruticose (Alexopoulos and 

Mims,1979). Lichens reproduce in two main ways i.e., by production of 

spores and fragmentation  

2.1b.Diversity of photobiont and mycobiont in lichens  

 Out of 43 genera of photobionts  associated as a primary or secondary 

constituent of a lichen taxa 14 genera of Cyanobacteria, 27 genera of 

Chlorophyceae (green algae), one genus of Xanthophyceae (yellow green 

algae) and Phaeophyceae (brown algae) have been confirmed 

(Ahmadjian,1958). The Cyanobacterial genera Gloeocapsa, Nostoc and 

Scytonema and the green algal genera Myrmecia, Protococcus, 

Pseudotrebouxia, Trebouxia and Trentepholia are associated as photobiont in 

majority of lichen taxa.  

 Lichen forming fungi are referred to as lichen mycobionts like plant or 

animal pathogens or mycorrhizal fungi. They differ from non-lichenized taxa 

by their manifold adaptations to symbiosis with a population of minute 

photobiont cells. Lichenization is regarded as a successful nutritional 

strategy, almost 20% of all fungal species being lichenized. About 14000 

species of lichen-forming fungi are so far described, approximately 99% of 

them being ascomycetes classified (Kirk et. al., 2001). Less than 50 species 

of homobasidomycetes are distinctly lichenized; these belong to the 

Agaricales (Lichenomphalia, Semiomphalia), Atheliales (Dictyonema), 

Cantharellales (Multiclavula) and Polyporales (Lepidostroma), as summarized 

by Nelsen et. al., (2007). 
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2.2 Industrial and medicinal significance of lichen  

In India many species lichens are extensively used in traditional 

systems of medicine (Chevallier, 1996; Kumar and Upreti, 2001; Bown, 

2001). Use of lichens in commercial, ethno botany and Ayurvedic and Unani 

systems of medicine in India is well documented (Upreti, 1996). Naturally, 

the most important application of lichens is the one in traditional medicine 

for treatment of animals and human diseases. Sodium usnate have been 

successfully used for the control of various plant diseases in green house 

(Ark et. al., 1960).  Ramalina thrausta is used in Finland for treatment of 

wounds, athlete’s foot or other skin diseases and taken to relieve sore throat 

and toothache (Vartia, 1973). The desert species Lecanora esculenta is 

considered as “biblical manna” (Trease & Evans, 1978). Two lichen species 

Parmelia caperata and Umbilicaria sp. are reported in study of Chilean 

traditional medicine (Munoz et. al., 1981). Several lichen species have been 

used in folk medicine for treatment of stomach diseases, diabetes, whooping 

cough, pulmonary tuberculosis, cancer treatment and skin diseases 

(Richardson, 1991; Baytop, 1999; Huneck, 1999). 

  Usnea species in Asia, Africa and Europe used for pain relief 

and fever control (Okuyama et. al., 1995) and in New Zealand Maori 

traditionally   for nappies and sanitary pads (Perry et. al., 1999). Usnea 

densirostra, known as “barba de la piedra” served for a curing for various 

disorders in Argentina (Correch et. al., 1998). Usnea has been used as 

antibiotics (Sharnoff, 1997). Usnea longissima was used as a dermatological 

aid for dressing wounds in the Pacific North West.  Ethno botanical uses of 

Usnea include its use as aromatic in health recipes (Rai et. al., 1998) in 

Darjeeling and Sikkim Himalayas. Cetraria islandica is ancient cough 

remedy known as “tonicum amarum” accepted as a mucilage drug (Muller, 

2001). It was observed by Behera et. al., (2005), metabolic products that 

have antibiotic activity may have function of protecting the organisms from 

attack by other fungi. The intestinal worms are treated by Flavoparmelia 

caperata and dried powder of the thallus can be applied on burns (Haq et. 

al., 2012). 

Litmus, a blue coloring matter from lichen fermentation, was used as 

dye for textile and beverages (Beecken et. al., 1961). Extracts of some species 

of lichens, like Evernia prunastri, are contents of perfumes (Trease & Evans, 

1978). Lichens are used in nutrition of many animals and humans during 
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famine throughout the ages and getting colours, perfumes, alcohol and in 

the medicine industry (Richardson, 1988; Romagni and Dayan, 2002; 

Kirmizigul et. al., 2003; Karagoz  et. al., 2009) 

 Paper strips impregnated with litmus, a water extracted dye from 

Roccella sp., are used as pH indicators in laboratories from ancient times till 

present. Lichen species are used as deodorants, and herbal colouring, dyes 

and decorative materials and for production of clothes, and perfumes 

(Sharnoff, 1997 and Brodo et. al., 2001) and also as bioindicator for 

determining atmospheric pollution (Richardson, 1988; Romagni and Dayan, 

2002; Kirmizigul et, al., 2003; Freitas, 2011). Lichen dyes had considerable 

economic importance in 18th century in some parts of the world as in the 

Canary Islands. It is also known that Romans dyed their togas with orchil, a 

purple pigment from Roccella sp. and crottal, brown pigment from Parmelia, 

Ochrolechia and Evernia sp (Muggia et. al., 2009).   

In various system of traditional medicine worldwide (Richardson, 

1991) including the Indian system of medicine, lichen species are said to be 

effective in curing of dyspepsia, bleeding piles, bronchitis, scabies, stomach 

disorders and many disorders of blood and heart (Saklani and Upreti, 1992; 

Negi and Kareem,1996)  

2.3 Antimicrobial activity of higher vascular plants  

 The microbiologist to be interested in antimicrobial plant extracts are 

as it is very likely that these phytochemical will help into the production of 

antimicrobial drugs. The scientists realize that the effective life span of any 

antibiotic is limited, so new sources especially plant sources are also being 

investigated. The people are becoming increasingly aware of the problems 

with the over prescription and misuse of traditional antibiotics. Interest in 

plants with antimicrobial properties has revived as a result of current 

problems because of increasing antibiotic resistance of microorganisms 

associated with the use of antibiotics (Abu Shanab et. al., 2004).  

In an extensive work by various scientists for searching antibacterial 

activities of plants in India alone 880 plant species have been worked out 

(Bhakuni et. al., 1969).  

The water and methanol extracts of some medicinal plants displayed 

antifungal activity against Fusarium oxysporum, which causes yellows of 
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Japanese radish strongly inhibited the growth of Streptomyces scabies, 

which causes common scab of potato (Fujii et. al., 1991). 

Studies on the antimicrobial activity was performed on Rhus glahra 

(Anacardiaceae), further its bioassays leading to the isolation of three 

antibacterial compounds, the methyl ester of 3, 4, 5 trihydroxy benzoic acid 

(methyl gallate), 4-methoxy and 3, 5dihydroxybenzoic acid and gallic acid ( 

Saxena et. al., 1994).  

Among different solvent extracts of aerial parts of Drymaria cordata, 

observed that the methanol extract was most effective against S. aureus, E. 

coli, Bacillus subtilis, B. pumilis and P. aeruginosa (Mukherjee et. al., 1997). 

Additional investigations on plants as a source of human disease 

management as well as various phytochemical constituents has been made 

in by various scientists (Gomathi et. al., 2011).  

 Juniperus oxycedrus is widely used as traditional folk medicine in 

Turkey for treatment of different infectious diseases. It had inhibitory effects 

on the growth of 57 strains of 24 bacterial species of the genus 

Acinetobacter, Bacillus, Brevundimonas, Brucella, Enterobacter, Microccous, 

Pseudomonas, Staphylococcus sp and Xanthomonas (Karaman et. al., 2003). 

Further action of medicinal plants against microbes have also been studied 

by various authors (Das et. al., 2008)  

T. bellirica is used as an antioxidant, antimicrobial, antidiarrheal, 

anticancer, antidiabetic, antihypertensive and hepatoprotective agent 

(Elizabeth, 2005).  

Many reports also cite the inhibitory activity of Lawsonia inermis 

(Henna) against gram negative and gram positive organisms (Muhammad 

and Muhammad, 2005). 

Hibiscus sabdariffa possessed antibacterial effect against S. aureus, 

Bacillus stereothermophilus, Micrococcus luteus, Serratia mascences, 

Clostridium sporogenes, E. coli, K. pneumoniae, Bacillus cereus and 

Pseudomonas fluorescence (Tolulope, 2007).  

The antimicrobial substances from Geranium glaberrimum, Geranium 

stepporum and Geranium psilostemon can be used as biological control 

agents as they possessed antimicrobial and free radical scavenging activity 

(Didem et. al., 2007). 

Plants from Western Mediterranean regions of Egypt namely 

Mesembryanthemum crystallinum, Blackiella aellen, Arthrocnemon glaucum, 
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Atriplex halimus, Thymelaea hirsute, Carduus getulus, Nicotiana glauca, 

Alhagi maurorum, Atractylis carduus and Echinops spinosissimus have been 

found to possess antimicrobial properties that can be used to cure infectious 

diseases (Rahman et. al., 2011a). 

 The leaf extract of Hallea ledermannii (Rubiaceae) was screened for 

antibacterial activities against pathogenic organisms like Staphylococcus 

aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa and 

Klebseilla pneumoniae and its antioxidant activity was also determined 

(Adsegun et. al., 2012).  

In later years extracts of Semecarpus anacardium  was evaluated 

against medicinally important bacteria Staphylococcus epidermidis (ATCC 

12228), Micrococcus luteus (ATCC10240), Methicillin-resistant 

Staphylococcus aureus (Hospital-isolate), Propionibacterium acnes (MTCC 

1951) and yeast, Malaassezia furfur (MTCC 1374) using the MIC and 

MBC/MFC analysis. Leaves of S. anacardium could be used as a source for 

the development and formulation of drugs, thus also in herbal medicines to 

treat a variety of infectious conditions caused by test microorganisms (Parag 

and Raman, 2013).  

2.4 Antimicrobial activity of lower plant groups 

2.4.1 Antimicrobial activity of Algae  

The lower groups of plants like algae, bryophytes and fungi have been 

screened earlier for antimicrobial activity. Many photobiont floras of lichens 

have antimicrobial properties as observed before. The use of algae for 

therapeutic purposes has a long history and the systematic examination of 

algae for biologically active substances especially antibiotics began in the 

year 1950. Various strains of cyanobacteria are known to produce 

intracellular and extracellular metabolites with, diverse biological activities 

such as antibacterial, antifungal and antiviral activity (Noaman et. al., 2004).  

The aqueous and solvent extracts from algae were tested against gram 

positive and gram negative bacteria (Prashanthkumar et. al., 2006)  

Microalgae are sources of biologically active compounds such as 

phycobilins, phenols, terpenoids, steroids and polysaccharides have recently 

found immense application in human and animal medicine (Qi et. al., 2006).  

Chlorophycean members such as Chlorella sp., Scenedesmus sp. have 

been reported as a few among the main groups of microalgae to produce 
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antimicrobial substances (Ghasemi et. al., 2007). Subramaniyan et. al., 

(2011) found that Cyanophycean member such as Chrooccocus minor also 

possess antimicrobial properties 

Table 2.1 Antimicrobial activity of algae  

Algae Activity against References  

Cyanobacteria E. coli, Bacillus subtilis and 

Pseudomonas aeruginosa   

(De Mule et. al., 1991) 

Oscillatoria, Phormidium and 

Lyngbya   

Gram positive and Gram 

negative organisms  

 (Vijaya and Prabu, 2010) 

Freshwater cyanobacteria like 

Oscillatoria latevirns, 

Phormidium corium, Lyngbya 

martensiana, Chrooccocus 

minor and Microcystis 

aeruginosa 

Bacillus subtilis, 

Staphylococcus aureus, 

Streptococcus mutans, 

Escherichia coli, Micrococcus 

mutans, Klebsiella 

pnuemoniae, Saccharomyces 

cerevisiae and Candida 

albicans       

(Subramaniyan et. al., 2011) 

Desmococcus, Chlorella and 

Scenedesmus 

Gram-positive and Gram-

negative 

(Ordog et. al., 2004) 

Gloeocapsa, Synechocystis sp. Bacillus cereus, Escherichia 

coli and Candida albicans 

(Najdenski et. al., 2013). 

Spirogyra sp Pseudomonas solanacearum 

and Escherichia coli   

(Naik  et. al., 2012) 

  

2.4.2 Antimicrobial activity of Bryophytes 

Bryophytes are traditionally used in Chinese, European, North 

American and Indian medicine, to treat illness of cardiovascular system, 

tonsilitis, bronchitis, tympanitis, in skin diseases and burns. They also 

possess anticancer and antimicrobial activity due to their unique chemical 

constituents (Banerjee and Sen, 1979). 

Many bryophytes have been investigated for their antimicrobial 

activity and have stated that bryophytes are one of the important sources of 

antibiotics and biologically active, naturally occurring compounds (Singh et. 

al., 2007; Dulger et. al., 2009).  

Marchantia palmata were tested against the growth of four human 

pathogenic gram negative bacteria namely Escherichia coli, Pseudomonas 

aeruginosa, Proteus mirabilis, Klebsiella pneumoniae and two gram positive 

bacteria Bacillus subtilis and Staphylococcus aureus (Khanam et. al., 2011). 
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2.4.3 Antimicrobial activity of Fungi 

Fungi have long been used as a valuable food source and as 

traditional medicines around the world since ancient times, especially in 

Japan and China. A number of medicinal mushrooms, such as Aleurodiscus, 

Coprinus, Clitocybe, Daedalea, Marasmius, Merulius, Pleurotus, Polyporus, 

Poria, Psathyrella, and Tricholoma spp are rich sources of ß-glucan, 

proteoglucan, lectin, phenolic compounds, flavonoids, polysaccharides, 

triterpenoids, diatery fibre, lentinan, schizophyllan, lovastatin, pleuran, 

steroids, glycopeptides, terpenes, saponins, xanthones, coumarins, alkaloid, 

purin, purimidin, kinon, fenil propanoid, kalvasin, volvotoksin, 

flammutoksin, porisin, AHCC, maitake D-fraction, ribonuclease, 

eryngeolysin and also have been used extensively in traditional medicine for 

curing various types of diseases such as antimicrobial, antiviral, anticancer, 

antitumor, anti-inflammatory, cardiovascular diseases, immunomodulating 

activities etc. (Benedict and Brady, 1972; Conchran, 1978; Chihara, 1993; 

Gunde-Cimerman, 1999; Bobek and Galbavy 2001; Jose et. al., 2002, 

Wasser 2002; Periasamy 2005; Carbonero et. al., 2006) 

Table 2.2. List of some common fungus showing antimicrobial activity  

Fungus Activity against References 

Pleurotus eryngii var. 

ferulae 

Bacillus megaterium DSM 32, 

Staphylococcus aureus, , Escherichia 

coli ATCC 25922, Klebsiella 

pneumoniae FMC 5, Candida albicans 

FMC 17, Candida glabrata ATCC 

66032, Trichophyton spp., and 

Epidermophyton spp.    

 Mehmet and Sevda, 

2009 

Camptotheca 

acuminate    

Rhizoctonia solani and Fusarium 

oxysporum f. sp. vasinfectu 

Ding et. al., 2010 

 

2.5 Antibacterial and antifungal activity of lichens  

After the discovery of penicillin from a fungus, numbers of lichens 

were screened for antibacterial activity in the 1940s and 1950s (Varita, 

1973; Lawery, 1986). Studies by Burkholder et. al., (1944) on 100 species of 

American lichens showed that 52% of lichens were active only against Gram 

positive bacteria. Owing to pronounced antimicrobial activity of some of their 
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secondary metabolites, lichens (together with algae, micro fungi and higher 

plants) attracted much attention among researchers as significant new 

source of bioactive substance (Ingolfsdottir, 1997; Hostettmann, 1997). 

  Lichen metabolites exert a wide variety of biological actions 

including antibiotic (Lawery et. al., 1986), anticancer (Willams et. al.,1998), 

antiHiv (Huneck and Yoshimura, 1996), antimycobacterial (Ingolfsdottir et. 

al., 1998; Gupta et. al., 2007), antiviral, anti-inflammatory, analgesic, 

antipyretic (Muller 2001), antiproliferative and cytotoxic effects (Perry et. 

al.,1999; Ingolfsdottir 2002). Even though these manifold activities of lichen 

metabolites have now been recognized, their therapeutic potential has not 

yet been explored and thus remains pharmaceutically unexploited (Muller, 

2002).  

Turkey lichens, Evernia prunastri, Pseudeovernia furfuracea and 

Alectoria capillaris were active against Gram-positive bacteria and the 

Candida albicans (Rowe et. al., 1989). 

 Lichens produce a wide range of organic compounds that can be 

grouped as primary metabolites and secondary metabolites (Elix, 1996). 

Primary metabolites such as proteins, lipids, carbohydrates, and some other 

organic compounds are needed for the lichen’s metabolism and structure. 

Secondary metabolites are produced by the fungus alone and secreted onto 

the surface of lichen’s hyphae either in amorphous forms or as crystals. 

About 350 secondary lichen metabolites have been found and the chemical 

structures of approximately 200 of them have been established (Galun, 

1988). Huneck (1999) the listed the antifungal and antibacterial activities of 

lichen compounds and lichens against bacteria and fungi.  

Usnic acid (Dobrescu,1993) evernic acid, and vulpinic acid inhibited 

the growth of gram positive bacteria Staphylococcus aureus, Bacillus 

megaterium, but the acids had no affect on gram negative bacteria 

Escherichia coli or Pseudomonas aeruginosa (Lawery,1986). Lauterwein et. 

al., (1995) determined in vitro activities of (+)usnic acid, (-)usnic acid and 

vulpinic acid against aerobic and anaerobic microorganisms. It was again 

reported that both forms of usnic acid inhibited the growth of Mycobacterium 

tuberculosis and Mycobacterium tufu in vitro at a relatively low concentration 

(Krishna and Venkataramana, 1992). But later Ingolfsdottir (2002) listed the 

antimicrobial activity of (+)- and (+)-usnic acid in a table against Gram-

positive, Gram-negative, anaerobic bacteria, mycobacterium, and 
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yeast/fungi with the relevant references. Usnic acid being one of the most 

common and investigated lichen compounds, its antimicrobial, 

antiprotozoal, antiviral, antiproliferative, anti-inflammatory, analgesic, 

antipyretic and antitumor activities as well as some other properties such as 

UV protection, allergen, and toxicity has been summarized in two reviews 

(Cocchietto et. al., 2002; Ingolfsdottir, 2002).   

Usnic acid is extensively distributed in species of Cladonia, Usnea, 

Lecanora, Ramalina, Evernia, Parmelia and other lichen genera (Ingolfsdottir, 

2002) and Alectoria species yielding of up to 6% of usnic acid have been 

reported (Proska et. al.,1996 ). In addition Behera et. al., (2005) determined 

the antimicrobial and antioxidant activities of Usnea ghattensis and found 

that U. ghattensis was active against S. aureus, B. licheniformis, B. subtilis 

and B. megaterium (Behera et. al., 2005). Another species Usnea barbata 

showed significant activity against the Gram-positive bacteria like Bacillus 

subtilis, Enterococcus faecalis, Micrococcus viradans and Staphylococcus 

aureus (Madamombe and Afolayan, 2003; Weckesser et. al., 2007).  

However, Kharel et. al., (2000) and Behera et. al., (2008) isolated 

compounds like dehydrocollatolic acid from P. nilgherrense and salazinic 

acid from Parmotrema tinctorum respectively, and conducted antibacterial 

activity against some animal pathogenic bacteria. Their study supported 

their finding, as the crude extracts possess all these active compounds, 

which are responsible for the inhibition of bacterial growth (Louwhoff and 

Crisp, 2000), and also have recovered malanoprotocetraric acid from P. 

conformatum, but its antibacterial activity was not tested then. 

  Hypogymnia apinnata (atranorin), Letharia columbiana (vulpinic acid), 

Lobaria pulmonaria (Stictic acid, constictic acid and norstictic acid) and 

Usnea filipendula (usnic acid and salazinic acid) have been reported to have 

significant antibiotic activity against Micrococcus luteus, Staphylococcus 

aureus, Salmonella gallinarum and Serratia marcescens, respectively 

(Crockett, 2003). Parietin, anthraquinone isolated from methanol extract of 

Caloplaca cerina (Teloscistaceae) has been reported to have significant 

antifungal activity (Manojlovic, 2005). Extracts of Andean lichens Protousnea 

poeppigii (Parmeliaceae) and Usnea florida var. rigida demonstrated 

antimicrobial activity against the pathogenic fungi Microsporum gypseum, 

Trichophyton mentagrophytes and T. rubrum  isodivaricactic acid, 5-
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propylresorcinol, divaricatinic acid and usnic acid were identified as 

antifungal agents (Schmeda, 2008).  

Antibacterial activity of acetone, chloroform, diethyl ether, methanol 

and petroleum ether  extracts of Parmelia sulcata displayed its antimicrobial 

activity against Aeromonas hydrophila, Bacillus cereus, Bacillus subtilis, 

Listeria monocytogenes, Proteus vulgaris, Yersinia enterocolitica, 

Staphylococcus aureus, Streptococcus faecalis, Candida albicans, Candida 

glabrata, Aspergillus niger, Aspergillus fumigatus and Penicillium notatum 

(Candan et. al., 2007) and also its Salazinic acid constituent was active 

against the tested bacteria and fungi except  against Listeria monocytogenes, 

Proteus vulgaris, Yersinia enterocolitica and Staphylococcus aureus. 

 Ramalina farinaceae (Esimone and Adikwu, 1999; Turk et. al., 2004) 

and Ramalina pacifica (Hoskeri et. al., 2010) were active against pathogenic 

strains of bacteria and fungi namely Staphylococcus aureus, Bacillus subtilis, 

Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, Candida 

albicans, Aspergillus niger, Trichophyton rubrum and Trichophyton 

mentagrophytes. (Turk et. al., 2004) concluded Ramalina farinacea and its 

(+)-usnic acid constituent showed antimicrobial activity against Bacillus 

subtilis, Listeria monocytogenes, Proteus vulgaris, Staphylococcus aureus, 

Streptococcus faecalis, Yersinia enterocolitica, Candida albicans, and 

Candida glabrata. Protolichesterinic acid from lichen Cetraria aculeata   

inhibited the growth of Escherichia coli, Staphylococcus aureus, Aeromonas 

hydrophila, Proteus vulgaris, Streptococcus faecalis, Bacillus cereus, Bacillus 

subtilis, Pseudomonas aeruginosa and Listeria monocytogenes (Turk et. al., 

2003).  

 Cladonia foliacea were found active against 9 bacteria and fungi 

namely Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Proteus 

vulgaris, Aeromonas hydrophila, Streptococcus faecalis and Listeria 

monocytogenes, the yeasts Candida albicans and Candida glabrata whose 

growth were inhibited by the extracts (Yilmaz et. al., 2004; Turk et. al., 

2004).  Antibacterial screening of the light petroleum extracts of Thamnolia 

subuliformis showed it is active in vitro against Gram positive organisms as 

well as against Escherichia coli and Candida albicans (Eugene et. al., 2004).  

3-hydroxy physodic acid isolated from Hypogymnia tubulosa  

(Parmeliaceae) showed antimicrobial activity against Aeromonas hydrophila, 

Bacillus cereus, Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, 
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Listeria monocytogenes, Proteus vulgaris, Salmonella typhimurium, 

Staphylococcus aureus, Streptococcus faecalis and Candida albicans (Yilam, 

2005).  

A year later, Candan (2006) reported extracts of Xanthoparmelia 

pokornyi (Parmeliaceae) and its constituents (gyrophoric and stenosporic 

acid) have been reported to be potential antimicrobials. The antimicrobial 

activity of Rocella montagnei were assayed against six  human pathogenic  

microorganisms namely Staphylococcous aureus, Salmonella para- typhi-B, 

Proteus vulgaris, Klebsiella pneumonia and fungal culture of Candida 

albicans, which proved to be a better antimicrobial agent screened against 

human pathogenic microorganisms (Balaji et. al ., 2006). 

Acetone, choroform, diethyl ether, methanol and petroleum ether 

extracts of Parmelia sulcata and its constituent (salazinic acid) demonstrated 

antibacterial activity against Aeromonas hydrophila, Bacillus cereus, Bacillus 

subtilis, Listeria monocytogenes, Proteus vulgaris, Yersinia enterocolitica, 

Staphylococcus aureus, Streptococcus faecalis, Candida albicans, Candida 

glabrata, Aspergillus niger, Aspergillus fumigates and Penicillium notatum 

(Candan, 2007) . In the same year Rankovic et. al., (2007) screened the 

antimicrobial properties lichens Lasallia pustulata, Parmelia sulcata, 

Umbilicaria crustulosa, Umbilicaria cylindrica and all of them manifested 

antibacterial and antifungal activity.  

Lichens Lecanora frustulosa and Parmeliopsis hyperopta and their 

divaricatic acid and zeorin constituents was screened in vitro against the 

following species of microorganisms: Bacillus mycoides, Bacillus subtilis, 

Staphylococcus aureus, Enterobacter cloaceae, Escherichia coli, Klebsiella 

pneumoniae, Aspergillus flavus, Aspergillus fumigatus, Botrytis cinerea, 

Candida albicans, Fusarium oxysporum, Mucor mucedo, Paecilomyces variotii, 

Penicillium purpurescens, Penicillium verrucosum, Trichoderma harsianu 

(Rancovic et. al., 2007), these lichen extracts and lichen compounds 

demonstrated a strong antimicrobial effect against the tested 

microorganisms. 

  In a screening made by Chand et. al., (2009) on antimicrobial activity 

of 15 lichen species from Indian Himalayan flora, lichen Everniastrum was 

found active to both Gram- positive and Gram- negative bacteria. Later 

bactericidal activity of crude extracts from lichen Ramalina pacifica were 

screened against 20 clinical  pathogenic strain  isolated from different 
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infectious sources which belong to Pseudomonas aeruginosa, Klebsiella  

pneumoniae,  Salmonella typhi, Salmonella paratyphi, Escherichia coli  and  

Staphylococcus aureus (Hoskeri et. al., 2010).   

Antimicrobial activity of the acetone, methanol and aqueous extracts 

of the lichens Lecanora atra, L. muralis, Parmelia saxatilis, P. sulcata and 

Parmeliopsis ambigua of which  strongest antimicrobial activity was found in 

the acetone extract of the lichen Parmelia sulcata where the least measured 

MIC value was 0.78 mg/ml.  Bacteria Bacillus mycoides and the fungi 

Botrytis cinerea and Candida albicans were the most sensitive species. 

Escherichia coli was resistant to all extracts of lichens tested (Rankovic and 

Kosanic, 2010).  

Usnea baileyi, Ramalina dendriscoides, Stereocaulon massartianum 

and Cladonia gracilis were inhibitory against Gram-positive bacteria (Bacillus 

subtilis and Staphylococcus aureus) and Gram negative bacteria (Escherichia 

coli and Pseudomonas aeruginosa), R. dendriscoides were observed to be the 

most active. Selected lichen extracts also showed activities against S. aureus. 

Barbatic acid, stictic acid, diffractaic acid, galbinic acid, norstictic acid, 

salazinic acid, and usnic acid proved to be the bioactive lichen acids 

(Santiago et. al., 2010).  

In-vitro antifungal activity of Parmotrema tinctorum (Despr. Ex. Nyl.) 

Hale. was investigated against ten plant pathogenic fungi viz. Aspergillus 

niger, Aspergillus flavus, Aspergillus fumigatus, Alternaria alternata, 

Fusarium oxysporum, Fusarium solani, Fusarium roseum, Ustilago spp., 

Albugo candida and Penicillium citrinum was performed by Tiwari et. al., 

(2011), it was observed that extracts of Parmotrema tinctorum were more 

effective against five broad spectrum plant pathogenic fungi (Aspergillus 

fumigatus, Fusarium solani, Fusarium roseum, Penicillium citrinum and 

Ustilago spp).  

Generally the extracts of Usnea longifolia, Cetraria spp, Parmotrema 

reticulatum and Evernastrium nepalense demonstrated antimicrobial effect 

which suggested a possibility of their use in treatment of various diseases 

caused by these and similar microorganisms. The extracts obtained showed 

the presence of volatile oil, saponins, coumarins and quinines, flavonic 

glycosides and carotenoids (Baral et. al., 2011).  

Cladonia furcata was the most active antimicrobial agent with 

minimum inhibitory concentration values ranging from 0.78 to 25 mg/mL. 
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All extracts were found to show strong anticancer activity toward both cell 

lines (Rankovic et. al., 2011).  

 Antibacterial activity of Cladonia digitata was observed against 

Clostridium perfringens and Staphylococcus aureus at the concentration of 

100% and 50%, respectively (Dzomba et. al., 2012). 

Several studies have been made on  antimicrobial activity of 

Flavoparmelia caperata  against K. pneumoniae (Seaman et. al., 2007), 

Mycobacterium tuberculosis H37Rv and M. tuberculosis H37Ra (Gupta et. al., 

2007), against E. faecalis ATCC 29212, B. cereus (clinical strain), S. aureus 

subsp. aureus ATCC 25923, E. coli ATCC 25922, P. mirabilis (clinical strain) 

and S. enterica serovar typhimureum (clinical strain). Acetone extract of F. 

caperata didn’t show antimicrobial activity against E. coli, E. faecalis, P. 

mirabilis and P. vulgaris (Duman, 2009; Aydin and Kinaliodu, 2013). 

Ethanolic and methanolic extracts of Flavoparmelia caperata and 

Roccella phycopsis were tested against seven gram positive and nine gram 

negative bacteria, their antibacterial activities compared with penicillin, 

tetracycline and gentamicin. It was observed from the studies that the most 

resistant bacteria were Bacillus megaterium and the most sensitive bacteria 

was Proteus vulgaris. It was concluded that methanol and ethanol extracts of 

Flavoparmelia caperata and Roccella phycopsis extracts have antibacterial 

activity on both gram negative and gram positive bacteria and could be an 

alternative of the antibiotic to cure the diseases (Aydin and Kinaliodu, 2013).  

Usnea ghattensis G. Awasthi (Usneaceae) endemic fruticose lichen 

found growing luxuriantly in Northern Western Ghats of India; it also 

contains Usnic acid as a major chemical and tested against some human 

pathogenic bacteria. Ethanol extract was most effective against Bacillus 

cereus and Pseudomonas aeruginosa whereas acetone and methanol extract 

demonstrated almost similar activity against Staphylococcus aureus, only 

methanol extract was showing activity against Streptococcus 

faecalis (Srivastava et. al., 2013). 

Thirty four North American lichens screened against four pathogenic 

bacteria. Staphylococcus aureus, Pseudomonas aeruginosa and methicillin-

resistant S. aureus (MRSA). In addition, extracts from three species, Letharia 

columbiana (Nutt.) J. W. Thomson (Parmeliaceae), Letharia vulpina (L.) Hue 
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(Parmeliaceae), and Vulpicida  canadensis (Rasanem) J.-E. Mattsson & M. J. 

Lai (Parmeliaceae) was also effective against Escherichia coli. Generally, 

viewing acetone extracts were found to be more effective than methanol 

extracts (Shrestra et. al., 2014). 

Parmotrema reticulatum (Taylor) M. Choisy, was screened in vitro for 

its antifungal activity against Aspergillus niger, Aspergillus flavus, Fusarium 

oxysporum and Fusarium solani. Maximum inhibition was shown by acetone 

extract against Fusarium solani (17.0±0.0 mm) which was higher than the 

standard control Ketoconazole (15.3±0.2 mm) (Preeti, et. al., 2014). 

Parmotrema perlatum exhibited inhibitory activity against human 

pathogens Pseudomonas aeruginosa, Proteus vulgaris, Bacillus subtilis, 

Streptococcus pneumoniae, Streptococcus faecalis, and Staphylococcus aureus 

which recommended the use of this lichen in healing numerous diseases 

caused by these pathogenic microorganisms and related organisms (Revathy 

et. al., 2015).  In this lichen compounds similar to usnic acid, 3-

ketooleanane, tridecyl myristate, icosan-1-ol, azolitmin, erythrolein, orcin, 

spaniolitmint, atranorin and parmelanostene permelabdone were also 

present (Caccamese et. al., 1985; Sharma et. al., 2012; Thippeswamy et. al., 

2012). 

 

2.6 Antiviral and antitumor activity of lichens 

 Kupchan and Koppennan (1975) studied and found Evernia, 

Acrosyphus and Alectoria sp. (Takeda et. al., 1972) have antitumor activity. 

Anthraquinones, especially the polyphenolic and polysulphonate substituted 

types commonly found in lichens have been shown to exhibit potent antiviral 

properties (Sydiskis  et. al.,1991; Schinazi et. al., 1990).  
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Table 2.3 Antiviral and antitumor activity of lichens 

Sl 

No. 
Name of lichen  Compound Activity/used in References    

1 Evernia sp., 

Acrosyphus sp., 
# Antitumor  Kupchan and 

Koppennan,1975  

2 Ramalina sp. # 

 

 liver diseases and 

stomach cramp 

Takeda et. al., 

1972 

3 Usnea sp usnic acid Callus formation and 

hormone regulation 

Nishitoba et. al., 

1987 

4 Usnea longissima +(-)usnic acid Epstein –Barr virus 
Yamamoto et. al., 

1995 

5 Lichens Lichenan T.M.V Stubler and 

Buchenaver, 1996 

6 Cetraria islandica Protolichesterinic 

Breast cancer cell 

lines and mitogen 

stimulated 

lymphocytes 

Ogmundsdottir et. 

al., 1998 

7 Umbilicaria 

esculenta 
# HIV virus Brodo et. al., 2001 

8 
Teloschistes 

chrysopthalmus 
Parietin 

Virucidal for Junin 

and Tacaribe arena 

virus 

Fazio et. al., 2007 

9 Parmelia perlata 

Crude 

polysaccharide 

fraction 

Yellow fever virus 
Esimone et. al., 

2007 

10 Thamnolia 

vermicularis 
# Anticancer Manojlovic et. al., 

2010 

11 Xanthoria parietina # Anticancer Trigiani et. al., 

2009 

# name of compound not mentioned 

 Ingolfsdottir et. al., (1997) revealed that protolichesterinic acid  

showed to exhibit antitumor activity  against solid-type Ehrlich carcinoma in 

mice, point in vitro inhibiting activity of against the DNA polymerase activity 

of human immunodeficiency virus type 1 reverse transcriptase, and 

inhibitory effects on arachidonate 5-lipoxygenase from porcine leukocytes. 

Antiviral properties have been attributed to specific lichen secondary 

metabolites, Antitumor activities of lichens are of major importance, Usnic 

acid exhibited an antiproliferative effect on human leukemia cells (K562) and 

endometrial carcinoma (HEC-50) cells (Carderelli et. al., 1997; Ingolfsdottir, 

2002; Krismundsdottir et. al., 2002).  
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Another lichen compound depsidone pannarin inhibited cell growth 

and induced apoptosis in human prostate carcinoma DU-145 and human 

melanoma M14 cells (Russo et. al., 2006, 2008). 

2.7 Antioxidant activity of plants 

Oxygen is an essential element for life to perform biological functions 

such as catabolism of fats, proteins and carbohydrates in order to generate 

energy for growth and other activities. However, oxygen may be a toxic agent 

for living tissues. The biological combustion produces harmful intermediates 

called free-radicals. A free-radical is simply defined as any species capable of 

independent existence that contains one or more unpaired electrons, an 

unpaired electron being one that is alone in an orbital. It may be superoxide 

(O2¯), thiyl (RS.) or nitric oxide (NO.) in which the unpaired electron 

delocalized between both atoms. Reactive oxygen species (ROS), which 

include superoxide anion radicals (O2¯), hydrogen peroxide (H2O2), hydroxyl 

radicals (OH¯) and singlet oxygen (1O2), are different forms of activated 

oxygen (Sies, 1993, Halliwell,1995; Squadriato and Pelor, 1998; Gulçin et. 

al., 2003)  are continuously produced in vivo. Oxygen, may not be harmful 

by itself, it is involved in the generation of various kinds of “reactive oxygen 

species” (ROS). ROS, primarily play an important role in the host defense 

mechanism by acting against microorganisms, but the increased production 

of ROS react with macro-molecules of crucial biological significance (DNA, 

lipids, protein) and destroy their structure and function what accelerates 

ageing and might lead to degenerative diseases, including cancer (Wiseman 

and Halliwell, 1996; Kehrer,1993), inflammations (Sco et. al., 1995), neuro-

degeneration (Leboritz et. al., 1996), Parkinson’s disease (Jenner, 1994), 

artherosclerosis (Witztum, 1994) and per-mature aging (Orr and Sohal, 

1994). 

 Peroxidation (auto-oxidation) of lipids exposed to oxygen is 

responsible not only for deterioration of foods (rancidity) but also damage to 

tissue in vivo (Rice-Evans and Miller, 1997). The dangerous effects are 

considered to be caused by free radicals (ROO, RO, OH¯) produced during 

peroxide formation from fatty acids containing methylene-interrupted double 

bonds i.e., those found in the naturally occurring polyunsaturated fatty acid.  

Lipid peroxidation is a chain reaction producing a continuous supply of free 

radical that initiates further peroxidation. Since the molecular precursor for 
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the initiation process is generally the hydroperoxide product ROOH, lipid 

peroxidation is a chain reaction with potentially devastating effects. To 

control and reduce lipid peroxidation, both humans in their activities and 

nature invoke the use of antioxidants. 

Certain portion of reactive oxygen species (ROS) is generated in 

normal human metabolism and the production rate is precisely controlled by 

specialized system of antioxidant defense (Ignatowicz, 1994). This well- 

balanced ROS synthesis is impaired by inflammatory events, where activated 

macrophages and neutrophils upon contact with proinflammatory stimuli; 

release substantial amounts of aggressive oxygen and nitrogen-centered 

Radicals (Halliwell, 1999). 

Natural antioxidant defense system involves enzymes (superoxide 

dismutase, catalase, glutathione peroxidase), other proteins (albumin, 

ferritin, ceruloplasmin) and numerous smaller molecules (eg. reduced 

glutathione, α-tocophrol, α-carotene, bilirubin, uric acid) of various modes of 

action. Antioxidant molecules counteract ROS and diminish their deleterious 

effects (Halliwell, 1990; Yu 1994). This protective barrier can be enhanced by 

the use of antioxidant micronutrient (vitamins C, E, α –carotene) and non-

nutrient ingredients of edible plants, like polyphenols. Polyphenol subgroup 

of chemicals, flavonoids, is the extensively examined group of antioxidants 

(Cotelle, 2001). 

 ROS damage membrane proteins by causing lipid peroxidation in 

membranes by attacking to unsaturated fatty acids (Ames et. al., 1993). The 

damage to membrane proteins decreases the membrane permeability, 

activities of enzymes and receptors and activation of cells. When free radicals 

attack DNA, cancer-causing mutations may occur. Therefore, antioxidant 

defense systems including antioxidant enzymes, food and drugs are 

important in the prevention of many diseases (Pietta et. al., 1998; Yen and 

Hsieh, 1998).  

  Several studies have shown that plant derived antioxidant 

neutraceuticals scavenge free radicals and modulate oxidative stress-related 

degenerative effects (Joshep et. al., 1999). Free radicals contribute to more 

than one hundred disorders in humans including atherosclerosis, arthritis, 
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ischemia and reperfusion injury of many tissues, central nervous system 

injury, gastritis, cancer, AIDS, diabetes, neurodegenerative disorders and 

aging (Yu, 1994; Cook and Samman, 1996; Kumpulainen and Salonen, 

1999).   

Previously it was suggested that higher intake of antioxidant rich food 

is associated with decreased risk of degenerative diseases particularly 

cardiovascular diseases and cancer (Thatte et. al., 2000). Because of this, 

there is need for the development and use of natural antioxidants for their 

capacity to protect organisms without any negative effects from damage 

induced by oxidative stress (Gulcin et. al., 2004; Naveena et. al., 2008).  

 

Fig. 2.1c Endogenous antioxidants and exogenous antioxidants for 

protecting the body from damage caused by oxidative stress 

(source Kosanic and Rankovic, 2015) 

Antioxidants, both synthetic and natural, are substances which 

possess the ability to protect the body from damage caused by free radical 

induced oxidative stress (Souri et. al., 2008).  

The antioxidant activity of  putative antioxidants have been attributed 

to various mechanisms, like prevention of chain initiation, binding of 

transition metal ion catalysts, decomposition of peroxides, prevention of 

continued hydrogen abstraction, reductive capacity and radical scavenging 

(Diplock, 1997). Synthetic antioxidants like BHA, BHT, gallic acid esters etc., 

have been suspected to cause or prompt negative health effects hence strong 
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restrictions have been placed on their application (Branen, 1975; Barlow, 

1990). It was also suspected that at the present time, synthetic antioxidants 

such as butylated hydroxyl anisole (BHA), butylated hydroxytoluene (BHT), 

tertbutylhydroquinone (TBHQ) and propyl gallate (PG) have toxic and 

carcinogenic effects (Grice, 1986; Zhang et. al., 2009). 

In recent years much attention has been devoted to natural 

antioxidant and their association with health benefits (Ali et. al., 2008). 

Studies on medicinal plants, fruits and vegetables owing to the presence of 

low molecular weight phenolic compounds, strongly supported this idea that 

plant, constituents with antioxidant activity are capable of exerting 

protective effects against oxidative stress in biological systems and which are 

known to be potent natural antioxidants (Block and Patterson, 1992; Cao et. 

al., 1996; Ness and Powles, 1997; Eastwood 1999; Wang et. al., 1999). 

Antioxidant properties of numerous crude extracts, primary and secondary 

metabolites of many plants have been widely reported previously (Hidalgo et. 

al., 1994; Pietta et. al., 1998). Extracts of 12 medicinal and aromatic plants 

were investigated by Miliauskas et. al., (2004) for their radical scavenging 

activity using DPPH and ABTS assays. The plants G. macrorrhizum and P. 

fruticosa extracts possessed very high radical scavenging activity (RSA), 

higher than that of S. officinalis extract. 

The anti-inflammatory effects of sesquiterpenes isolated from 

Curcuma zedoaria have been studied (Yoshioka et. al., 1998 and Makabe et. 

al., 2006). The antioxidant activity of Du-Zhong (Eucomnia ulmoides) (Yen 

and Hsieh, 1998), ear mushrooms (Chao, 2001) and anise (Pimpenella 

anisum L.) seed (Gulcin et. al., 2003) were found to correlate with the 

phenolic compounds.  

Phenolic components are potential antioxidants, free radical 

terminators (Kaushik et. al., 2010). These compounds are the main agents 

that can donate hydrogen to free radicals and thus break the chain reaction 

of lipid oxidation at the first initiation step. They also scavenge radicals such 

as singlet oxygen, superoxide and hydroxyl radicals may be explained by 

their phenolic hydroxyl groups (Sawa et. al., 1999)]. Flavonoids are also the 

most important natural phenolics and they possess a broad spectrum of 

chemical and biological activities including radical scavenging properties 

(Mohammed et. al., 2010). Numerous researches found a high correlations 
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between antioxidative activities and phenolic content (Rankovic et. al., 2010; 

Odabasoglu et. al., 2004).             

Table 2.4 Antioxidant activity of higher plants  

Sl. No Plants Parts 

used 

Activity References 

1 Daphyniphyllum calycinum leaves Antioxidant Gamez et. al., 1998 

2 Mentha spicata  Whole 

plant 

Antioxidant 

and radical 

scavenging 

Elmastas et. al., 

2005; Kiselova et. al., 

2005; Kanatt et. al., 

2007 
3 Curcuma longa rhizome Antioxidant 

and radical 

scavenging  

Mau et. al., 2003 

4 Anthurium versicolor leaves Radical 

scavenging 

Aquino et. al., 2001 

5 Artemisia apiaceae Whole 

plant 

Radical 

scavenging 

Kim et. al., (2003) 

6 Chionanthus virginicus Root 

bark 

antioxidant Gulcin et. al., 2007 

7 Cosmos caudatus, 

Polygonum minus, 

Oenanthe javanica ,Centella 

Whole 

plant 

antioxidant Faujan et. al., 2009 

8 Cucurma longa, Coffea 

arabica, Tribulus terrestris, 

Bacopa monnieri, Trigonella 

 Whole 

plant 

antioxidant Satisha et. al., 2011 

 
9 Celtis africana  leaves antioxidant Adedapo et. al., 2009 

11 Biebresteinia multifida and 

Polypodium vulgare 

plant antioxidant Souri et. al., 2008  

 
12 Salix sp  and Allium 

hirtifolium 

plant radical 

scavenging 

Souri et. al., 2008  

 
13 Curcuma domestica, Piper 

betel, ;Pandanus odorus, 

Garnicia atroviridis, 

Morinda citrifolia,  Centella 

asiatica,  Zingiber officinale,  

Manihot asculenta, 

 Whole 

plant 

antioxidant Huda-Faujan et. al., 

2007; Jayamalar and 

Suhaila, 1998; Noriham 

et. al., 2004; Zainol et. 

al., 2003) 
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Figure 2.1a Free radicals (reactive oxygen species and reactive nitrogen 

species. (source Kosanic and Rankovic, 2015) 

2.8 Antioxidant activity of lichens 

Thamnolia vermicularis has commonly been used as a tea with the 

local name of “snow tea” in traditional Chinese medicine for hundreds or 

thousands of years, this lichen can be also used as a novel source of natural 

antioxidant (Luo et. al., 2006). 

 Gulcin et. al., (2002) reported that the aqueous extracts of Cetraria 

islandica had a strong antioxidant activity. Similar results found (Behera et. 

al., 2005) for different extracts from the lichen Usnea ghattensis. (Kekuda et. 

al., (2009) found an antioxidant activity for the extracts of the lichen 

Parmotrema pseudotinctorum and Ramalina hossei.  

 In vitro antioxidant activities of the methanol extracts of Cladonia 

foliacea, Dermatocarpon miniatum, Everinia divaricata, Evernia prunastri, 

and Neofuscella pulla   was performed in which only D. miniatum provided 

50% inhibition at 396.1 µg/ml concentration in the former and gave 49% 

inhibition in the latter. Total phenolic constituents of extracts from lichen 

species tested (C. foliacea., D. miniatum., E. divaricata., E. prunastri, and N. 

pulla.) were 1.7% (w/w), 2.9% (w/w), 3.0% (w/w), 2.6% (w/w), and 1.5% 

(w/w), respectively (Aslan et. al., 2006). 

   Extracts of Usnea articulata, Ramalina jamesii and P. tinctorum 

inhibited the growth of Staphylococcus aureus, Sar. lutea and Ser. 
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marcescens by reducing protein synthesis, inhibiting energy metabolism ( 

Ray et. al., 2003).  

A yellow and new dark red pigments were isolated from Lethariella 

sernanderi, L. cashmeriana, and L. sinensis as antioxidant components from 

which yellow pigment was identified as canarione (Kinoshita et. al., 2004) 

and the others were determined to be 1,2-quinone derivatives and 

rubrocashmeriquinone (Kinoshita et. al., 2005) by analysis of their 

spectroscopic data.  

The antioxidant activity of some species of lichens, such as Bryoria 

fuscescens, Cetraria islandica, Dermatocarpon intestiniformis, Parmelia 

saxatilis, Peltigera rufescens, Platismatia glauca, Ramalina pollinaria, R. 

polymorph, Umbilicaria nylanderiana , Usnea ghattenis, and U. longissima 

were tested and some of them have very good antioxidant activity (Behera et. 

al., 2006; Gulluce et. al., 2006). 

 

Fig 2.1b Diseases induced by oxidative stress 

(source Kosanic and Rankovic, 2015) 

Rankovic et. al., (2011) tested lichens Cladonia furcata, Lecanora atra 

and Lecanora muralis for antioxidant activity. Of the lichens tested, Lecanora 

atra had largest free radical scavenging activity (94.7% inhibition), which 

was greater than the standard antioxidants.  

Acetone, methanol and aqueous extracts of the lichen Cetraria 

islandica, Lecanora atra, Parmelia pertusa, Pseudoevernia furfuraceae and 
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Umbilicaria cylindrica exhibited strong antioxidant activity (Kosanic and 

Rankovic, 2011). A marked antioxidant activity of Everniastrum cirrhatum 

(Parmeliaceae) may be attributed due to its phenol content (Kekuda et. al., 

2011). It can be assumed that antioxidative nature of the extracts might 

depend on their phenolics. Phenolic components are potential antioxidants, 

free radical terminators and antibacterials (Shahidi and Wanasundara, 

1992; Kaushik et. al., 2010; Pereira et. al., 2007; Oliveira et. al., 2008; 

Gursoy et. al., 2009; Turkoglu et. al., 2010; Roman et. al., 2010; Gulumser 

et. al., 2010). These compounds are the main agents that can donate 

hydrogen to free radicals and thus break the chain reaction of lipid oxidation 

at the first initiation step. This high potential of phenolic compounds to 

scavenge radicals such as singlet oxygen, superoxide and hydroxyl radicals 

may be explained by their phenolic hydroxyl groups (Sawa et. al., 1999). 

Flavonoids are also the most important natural phenolics and they possess a 

broad spectrum of chemical and biological activities including radical 

scavenging properties as observed by Mohammed (2010). Previous workers 

like Rankovic (2010), Odabasoglu et. al., (2004), Mukherjee et. al., (2011) 

found a high correlations between antioxidative activities and phenolic 

content. Interestingly, Odabasoglu et. al., 2004 reported that in some lichens 

extracts no correlation was found between the total phenol and the 

antioxidant activity, suggesting that the antioxidant activity of different 

lichens may also depend on other, non-phenol components. Gulcin et. al., 

(2002) reported that the aqueous extracts of Cetraria islandica had a strong 

antioxidant activity. Similar results were reported by Behera et. al., (2005) 

for different extracts from the lichen Usnea ghattensis.  

Katalinic et. al., (2006) analyzed the total phenolic content (TPC) and 

antioxidant capacity of 70 medicinal plant infusions by FRAP assay. The 

best results were obtained for Melissae folium infusions. 

  Hexane extract of Ramalina roesleri was highly active against 

Staphylococcus aureus and Streptococcus mutans. The 1, 1-diphenyl-2-

picryl-hydrazil (DPPH) radical scavenging activity of extracts ranged from 

29.42% to 87.90%. Atranorin, protolichesterinic acid, usnic acid, 2-hydroxy-

4-methoxy-6-propyl benzoic acid, homosekikaic acid, sekikaic acid, benzoic 

acid, 2, 4-dihydroxy-6-propyl and 2, 4-dihydroxy-3,6-dimethyl benzoate were 

isolated from the hexane extract. Maximum DPPH radical scavenging activity 
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was exhibited by sekikaic acid followed by homosekikaic acid (Sisodia et. al., 

2013). 

Antioxidant potential and anticancer activity against breast carcinoma 

of 70% methanolic extract of lichen, Parmotrema reticulatum was performed 

by Ghate et. al.,(2013), phytochemical analysis of methanolic extract 

confirmed the presence of various phytoconstituents like alkaloids, 

carbohydrates, flavonoids, glycosides, phenols, saponins, tannins, 

anthraquinones and ascorbic acid; among which alkaloids, phenols and 

flavonoids were found in abundant amount. High performance liquid 

chromatography (HPLC) analysis of the lichens methanolic extract revealed 

the presence of catechin inferred that methanolic extract of P. reticulatum 

possessed antioxidant property which may be further developed into an 

anticancer agent., purpurin, tannic acid and reserpine. It was hence  

In vitro antioxidant activity, phenolic content of different extracts from 

four lichens species Cladonia ragiferina, Cladonia sylvatica , Evernia 

prunastri  and Usnea barbata  collected in the Republic of Mari El in 

Russia:  was evaluated. Studies of lichen's antioxidant, radical scavenging 

activity in relation to responsible compounds were essential to identify 

natural compounds that could be used to reduce oxidative stress associated 

with many human diseases (Koptina et. al., 2013). 

 
2.9 Synergistic activity 

In addition to determining the antimicrobial and antioxidant activities 

of plant extracts, studies have also been made wide over the world on 

synergistic activities of plants together with other plants or antibiotics. 

Synergism, this is when combined action is significantly greater than the 

sum of the both effects (Eugene et. al., 2004). There have been many studies 

about the beneficial role of bioactive plant extracts and pure isolated 

compounds in increasing the in vitro efficacy of commonly used antibiotics 

against variety of microorganisms, these studies have reported the use of 

plant extracts in combination with antibiotics, with significant reduction in 

the minimum inhibitory concentrations of the antibiotics (Hu et. al., 2002; 

Nagoshi et. al., 2006; Betoni et. al., 2006; Purushotam et. al., 2010 )  

The combined plant extracts of black thyme (Thymbra spicata L), 

fennel (Foeniculum vulgare Mill), sage (Salvia pilifera), wild tea (Stachys 

pumilia ) and wild mint (Micromeria fruticosa. L) had strong antibacterial 
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activity against pathogenic bacteria and lactic acid bacteria (Yasar et. al., 

2004). The synergistic antimicrobial activity of tea and various antibiotics 

against enteropathogens was reported by Tiwari et. al., (2005). Tea extract 

showed synergistic activity with chloramphenicol and other antibiotics like 

gentamycin, methicillin and nalidixic acid against test strains 

The combination of ethanolic extracts of the plants Mentha longifolia, 

Melissa officinalis and Rosa damascena showed synergistic antibacterial 

activity against MRSA (methicillin resistant Staphylococcus aureus) strains 

(Bassam et. al., 2006).  

Combination of Vangueria spinosa with doxycycline and ofloxacin 

against gram positive and gram negative bacteria was also tested (Chatterjee 

et. al., 2009). Synergism between 13 antimicrobial drugs and   plant extracts 

namely “guaco” (Mikania glomerata), guava (Psidium guajava), clove 

(Syzygium aromaticum), garlic (Allium sativum), lemongrass (Cymbopogon 

citratus),  ginger (Zingiber officinale), “carqueja” (Baccharis trimera) and mint 

(Mentha piperata) against Staphylococcus aureus strains  reported (Betoni et. 

al., 2006). Esimone et. al., (2006) investigated the herb-drug interaction 

between tea extract and penicillin G against Staphylococcus aureus and 

showed additive interactions. Nostro et. al., (2006) demonstrated that 

combinations of propolis extract with clarithromycin and Zingiber officinale 

with clarithromycin could control Helicobacter pylori associated with 

gastroduodenal disease. 

Sibanda and Okoh (2008) showed potentials of synergy between 

acetone extracts of Garcinia kola seeds and amoxicillin, ciprofloxacin, 

tetracycline and chloramphenicol against pathogenic microorganisms. 

Balanites aegyptiaca (L) Del. (Balanitaceae), Hyptis sauveolens Poit 

(Lamiaceae), Lawsonia inermis L. (Lathyraceae), Leucas aspera 

L.(Lamiaceae), Nicotianae folia Roth.ex. Roem  and Schult (Lobileaceae) and 

Phyllanthus madraspatana (Euphorbiaceae) treated individually and in 

combination for their antimicrobial activity against five different 

diarrhaegenic bacteria  and proved that there is a scope to develop 

antimicrobial agent by combinations of plants and antibiotics (Karmegam et. 

al., 2003). 

Water extracts of  Psidium guajava, Rosmarinus officinalis, Salvia 

fruticosa, Majorana syriaca, Ocimum basilucum, Syzygium aromaticum, 

Laurus nobilis and Rosa damascene was  screened  alone and then  in 
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synergy testing of these extracts with known antimicrobial agents of different 

mechanisms (protein synthesis inhibition: oxytetracycline HCl and 

gentamicin sulfate; cell wall synthesis inhibition: penicillin G and 

cephalexin; folic acid synthesis inhibition: Sulfadimethoxine as sodium; and 

nucleic acid synthesis inhibition: enrofloxacin) using both well-diffusion and 

microdilution method against five S. aureus isolates; one is Methicillin-

resistant Staphylococcus aureus (MRSA) and 4 Methicillin-sensitive 

Staphylococcus aureus (MSSA).  As observed by many researchers synergistic 

effect between antimicrobial agent and plant extract occurred in both 

sensitive and resistant strains but the magnitude of minimum fold inhibition 

in resistant strains especially MRSA strain was higher than the sensitive 

strains. Shangmugam et. al., (2008) and Matias et. al., (2011) concluded that 

the use of  plant extracts with antibiotics shows a low risk of increasing 

bacterial resistance to the action of antibiotics modifying agents, as the 

extracts contain mixtures of different bioactive compounds, which make 

microbial adaptability very difficult comparing to single-constituent 

antibiotics and using plant products with antibiotics could decrease 

undesirable side effects of antibiotics, so the combinations of antibiotics with 

plant extracts could be a significant basis for development of new approach 

in resistance. 

A study was made, to formulate new cost effective antimicrobial agent 

for multi drug resistant organisms, based on the synergistic activity of 

tetracycline with methanolic extract of Tectona grandis (Purushotam et .al., 

2010).  

Salvadora persica contains a number of medicinally beneficial 

properties including abrasives, antiseptics, astringent, detergents, enzyme 

inhibitors and fluoride Almas et. al., (2004). Eight years later Ahmed et. al.,  

(2010)  investigated Salvadora persica, the same  medicinal plant of repute 

for its  antimicrobial activities with two antibiotics viz., penicillin and 

tetracycline against  Staphylococcus aureus  separately and in combination 

(synergistic), showed their synergistic effect was much more effective. The 

highest inhibition was noticed (31.5 mm) when S. aureus was exposed to 

tetracycline plus Salvadora stem extract. 

Chatterjee et. al., (2009) also studied the combined use of ethanolic 

leaf extracts of Vangueria spinosa Roxb. (Rubiaceae) and antibiotics 

(doxycycline and ofloxacin) against Gram-positive bacterium (Staphylococcus 
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aureus) and three Gram-negative bacteria (Escherichia coli, Klebsiella 

pneumoniae and Pseudomonas aeruginosa and observed synergistic actions 

in all the cases except against P. aeruginosa.  

Varthemia iphionoides exhibited MIC value of 0.03mg/ml against 

ATCC strains of Staphylococcus aureus, Bacillis subtilis, S. epidermidis  and 

4.0mg/ml against E. coli, V. iphionoides and Cefotaxime was synergistically 

tested and it was seen that FIC (Fractional inhibitory concentration  against 

B. subtilis (ATCC 6633) and S. aureus was 0.75 to .0875mg/ml but  FIC 

against E. coli and S. epiderdimis 2.5 to 16.4mg/ml (Awni et. al., 2009). 

Parmotrema pseudotinctorum (des. Abb.) Hale and Ramalina hossei H. 

Magn & G. Awasthi has been screened individually and in combination with 

honey for its antimicrobial and antioxidant activity but the combination was 

not as effective as scavenging potential of individual lichen extracts. The 

bacteria namely Escherichia coli, Staphylococcus aureus and Pseudomonas 

aeruginosa were screened for their sensitivity towards the lichen extracts, 

honey and their combination by agar well diffusion method (Tepe et. al., 

2004). Even in antibacterial assay extracts of Parmotrema pseudotinctorum 

and Ramalina hossei exhibited marked antibacterial activity individually 

than in combination with honey. Thus, combination of lichen extracts and 

honey was not found to exert any synergistic action (Kekuda et. al., 2009).  

Antimicrobial and antifungal activity of Lawsonia inermis, Punica 

granatum and Hibiscus sabdariffa, again their synergistic effect by mixing 

plant extracts with antibiotic was performed. The methanolic extract of 

Punica granatum showed the highest antibacterial activity especially against 

Staphylococcus aureus, while, Klebsiella pneumoniae and Escherichia coli 

showed the least sensitivity to it, combining  antibiotics to  plant extract 

showed synergistic antibacterial activity especially with Ciprofloxacin and 

Erythromycin on Pseudomonas aeruginosa, and Staphylococcus aureus, 

respectively. Mixture of Ketoconazole and Fluconazole drugs with aqueous 

extract of Hibiscus sabdariffa was highly effective. Nystatin, an antifungal 

showed higher activity when mixed with plant extract (Abdelraouf et. al., 

2011). 

Methanol extract of R. farinaceae and ampicillin showed synergism 

and penetrated and prevented the growth of certain Gram negative bacteria 

which proved that methanol extract of R. farinaceae and ampicillin could be 

used as an antibiotic (Agboke and Esimone, 2011). 
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The combinations of acetone and ethyl acetate extract of Cichorium 

intybus and antibiotics (amoxicillin and chloramphenicol) resulted in 

additive and indifferent effects against tested bacteria (Stefanovi et. al., 

2012).  

In a recent study (Jonshon et. al., 2015) it was suggested that the 

combination any two plants extracts may not always lead to synergism but 

in some cases their individual efficacies may be inhibited in combination and 

which may lead to antagonism. Methanolic extract of leaves of Kigelia 

africana, Alafia bateri, Anthocleista djalonesis and the stem bark of 

Harungana madagascarensis were screened for phytochemicals, free radical 

scavenging activity and total phenolic content. The antioxidant activity of 

combination of these plants resulted in antagonism.  

2.10 Spectral analysis of lichens and other plants 

The identification of active principle compounds in various plant 

samples is carried out using methods like TLC, LCMS and GCMS analysis.  

Previously Manojlovic (2010), developed HPLC method for 

characterization of xanthones and anthraquinones in extracts of lichen 

Laurera benguelensis. Lichexanthone, secalonic acid D, norlichexanthon, 

paretin, emodin, telochistin, and citreorosein were thus detected by relative 

retention time and spectral data. 

   Kinoshita et. al., (2010), worked out a yellow and new dark red 

pigments isolated from Lethariella sernanderi, L. cashmeriana and L. sinensis 

as antioxidant components. The yellow pigment was identified as canarione 

(1), and the others were determined to be 1,2-quinone derivatives, 

rubrocashmeriquinone (2) and 7-chlororubrocashmeriquinone (3), and 7-

chlorocanarione (4) by analysis of their spectroscopic data. 

Nagarajan et. al., (2011), characterized the bioactive principle 

compound, a fatty acid derivative namely methyl 6, 7-dithia stearate from 

Wrightia tomentosa through mass spectrum WTEF24 analysis. 

Bangajaualli and Ramasuhramanian (2015), investigated and 

determined possible 16 bioactive components from ethanol bark and 24 

compounds from leaf of Aglaia elaeagnoidea using GCMS analysis. The 

identified compounds possessed antioxidant, antitumour, analgesic, 

antiinflamatory and antimicrobial properties. Two important bioactive 

compounds namely squalene and phytol thus found to possess 
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chemopreventive activity against colon carcinogenesis and effective against 

different different stages of arthritis respectively. 

2.11 Methodology for determination of antimicrobial and antioxidant 

activity of lichen extracts 

The lichen specimens can be identified with the help of guidelines 

described in the communication of British Lichen Society. Each specimen 

are observed for their morphology, anatomy, colour reaction, thin layer 

chromatography, etc. For identification of genus and species, the key to 

macro lichens (Awasthi, 1988) and key to micro lichens (Awasthi, 1991) are 

generally consulted. Extraction of lichen compounds are usually done 

following the procedure of (Turk et. al., 2003). 

The Kirby and Bauer disk diffusion method (National Committee for 

Clinical Laboratory Standards, 1993) is generally used to determine the 

antimicrobial activity of lichen extracts against test bacteria and fungi. MIC 

determinations of the extracts can be carried out using above mentioned 

method. It is usually calculated for the test bacteria only that show 

antimicrobial activity following agar diffusion method (Perez et. al., 1990). 

   Minimum inhibition concentrations (MICs) are determined by 

checking the inhibition zones formed. Bioautographic assay of lichen 

substances is usually done by the methods described by Turk et. al., (2003). 

Sometimes bioautographic assay is done after the separation of compounds 

in thin layer chromatography (Culberson and Amman, 1979; Schumm, 

2002). MICs, are determined a certain volume of  extract of lichens is spotted 

on  silica gel thin layer chromatography (TLC) plates and then the TLC plates 

are developed in three solvent systems usually employed in the TLC of lichen 

substances. Solvent system A contained a mixture of toluene/dioxane/ 

glacial acetic acid (36:9:1 v/v), the solvent system B contain hexane/diethyl 

ether/formic acid (24:18:4 v/v), the solvent system C contain toluene/ 

glacial acetic (20:3 v/v) TLC. It is characterized by checking its Rf values in 

different solvent systems with the ones given in the literature and its melting 

point (Schumm, 2002). 

  Numerous methods and modifications have been proposed to 

evaluate antioxidant activity and to explain how antioxidants function, of 

these total antioxidant activity, reducing power, DPPH assay, metal 
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chelating, ROS quenching assays are commonly used for evaluation of 

antioxidant activities of extracts (Duh et. al.,1999)  

 The lichen extracts can be precisely investigated for antioxidant 

activity by five different methods: DPPH radical scavenging, reducing power, 

determination of total phenolic compounds and determination of total 

flavonoid content. Different antioxidant activities of the test extracts are 

studied in comparison to known antioxidants such as ascorbic acid, 

butylated hydroxyl anisole (BHA) or butylated hydroxyl toluene (BHT) ,and α-

tocopherol. These methods have been employed since many years with slight 

modification. The free radical scavenging activity of the fractions are 

measured in vitro by 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay (Gadow et 

al., 1997; Dorman et. al., 2004; Liyana et.al., 2005).  

 However in general Ascorbic acid and BHT are used as references. The 

ability to scavenge DPPH radical is calculated by the following equation: 

DPPH radical scavenging activity (%) = [(Abs control – Abs sample)] 

       (Abs control)] x 100 

where Abs control is the absorbance of DPPH radical + methanol; Abs 

sample is the absorbance of DPPH radical + sample extract /standard. 

 The method of (Oyaizu, 1986) was used to determine the reducing 

power of extracts. The determination of the total antioxidant activity (FRAP 

assay) in the extract is done with a modified method by (Benzie and Strain 

1996). The determination of total phenolics content employs Folin and 

Ciocalteu’s phenol reagent which response depending on the chemical 

structure of phenolics (i.e. the higher the number of functional –OH group 

the higher the total phenolics content). For determination of total soluble 

phenolic compounds in the lichen extracts Folin- Ciocalteu reagent are used 

according to the method of Slinkard and Slingleton (1997). Total phenolic 

content are expressed as mg/g tannic acid equivalent using the following 

equation based on the calibration curve: y = mx+c, and finding R2 ,where x 

was the absorbance and y was the tannic acid equivalent (mg/g). Estimation 

of the total flavonoids in the plant extracts was carried out using the method 

of Meda et. al., (2005); Ordon Ez et. al., (2006). Total flavonoid content was 

calculated as quercetin equivalent/mg using the following equation based on 

the calibration curve: y = mx+c, and finding R2 where x is the absorbance 

and was the quercetin equivalent/mg. The total antioxidant activity by 

phosphomolybdenum method as in total antioxidant capacity of turmeric oil, 
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and its different fractions are evaluated by the method of (Prieto et. al., 

1999). Evaluation of antioxidant capacity is also performed by the 

colorimetric assay as Trolox equivalent antioxidant capacity (TEAC) (Nedeljko 

et. al., 2010). 


