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Lichens — masters of extraordinary symbiosis with potent
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Lichens are an excellent example of a symbiotic relationship between members
belonging to two unrelated separate kingdoms (fungi and algae), which results in
the collection of secondary metabolites. These metabolites can be fungal
originated, algal originated, or unique compounds not produced by either fungi
or algae individually. Although involved since centuries in traditional folk medicine,
lichens have attracted extra attention of scientists owing to the emergence of new
diseases, which has required screening for novel compounds capable of curing or
supporting currently used compounds. This review highlights the nature,
importance, nutritional and pharmaceutical uses, and applications of these
enigmatic dual organisms.
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Introduction

Lichens are a remarkable example of one of the most
important balanced relations in the ecosystem, which is
symbiosis. In the case of lichens, this relation defines an
association between algae and fungi [1]. This
relationship has resulted in the development of a
unique organism that is different from its parental
individual fungal partner and algal one. Symbiosis
tulfils mutual benefit to each member in this relation.
One of the simplest exchanged benefits is when the
tungal partner derives food from the green algae, whereas
the algae partner gets its mineral nutrition and moisture
by the help of the fungus [2]. According to the form of
thelichens growth, three types were identified, which are
crustose, foliose, and fruticose [3,4]. The crustose form is
the most simple, and it is noticed on soil, bark, rocks, or
wood, whereas foliose and fruticose forms are more
complicated, as they show erection or branching [2].
Lichens are capable of growing under different
conditions but show sensitivity to many factors such
as light, humidity, altitude, and to a greater extent, air
quality [5,6]. Uses and applications of lichens are
involved in industrial, medicinal, and nutritional
fields, and examples are shown in Fig. 1. In this
review, the contributions of lichens in traditional
medicine have been clarified, and the important
metabolites with biological activities originating from
lichens are reported. Lastly, some uses and applications
of lichens have been described and discussed.

Lichens in ancient medicine
Literatures describing folk medicinal uses of lichens in
Europe were started in 1921 [7], whereas the first
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global review discussing lichen uses was published in
1997 [8]. Numerous genera have been used from
decades in North America, such as Usnea, Letharia,
Xanthoparmelia, Ramalina, Lobaria and Peltigera,
Cladonia and Cladina, and Umbilicaria. On the
contrary,
Ramalina, Lobaria and Peltigera, Cladonia, and
Cladina were commonly used in Europe. Lichens
described in traditional medicine of Asian countries
included Usnea, and  Hypotrachyna,
Cladonia and Cladina, Thamnolia, Ramalina, Lobaria
and Peltigera, Umbilicaria, and Lethariella. North
African countries also used the genera Ewvernia and
Pseudevernia, Xanthoparmelia, and Usnea [9]. As
noticed, the genus Usnea was commonly used
worldwide owing to its medical importance [10].
The genus Usnea was identified, and five species in
this genus were described in the 18th century under the
name lichen, and then they were moved to the genus
Usnea in 1780 [11]. Nowadays, species under the genus
Usnea have reached ~350 species [12].

FEvernia and  Pseudevernia, Cetraria,

Parmotrema

Each lichen genus was used specifically for treating
certain disease. Usnea sp. is known for its demulcent
activities and used to treat mild oral and pharyngeal
inflammation. Moreover, Usnea filipendula Stirt was
previously used for curing cuts and wounds in the
former Soviet Union [13]. For stomach diseases,
Northern America used Letharia [14], whereas
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spleen enlargement was cured in Arabian medicine by
using Alectoria  usneoides. 'Within Spanish folk
medicine, the use of lichens in various medical
aliments is also documented [14]. Curing and
medicinal activities of lichens mainly rely on lichen
substances secreted by that specific lichen [15-17].

Lichen substances

Metabolites produced by lichens are the result of
responding to various external conditions as a kind
of protection against different physical and biological
influences. Lichens’ metabolites can be classified into
two main groups, primary and secondary metabolites
[17]. Intracellular metabolites required for the growth
and maintenance of cellular function are known as
primary metabolites.
produced by the fungal partner or the algae partner
of the lichen, or unique metabolites produced
nonspecifically. Amino acids, proteins, polyols,
polysaccharides, vitamins, and carotenoids are
considered as primary metabolites [18]. Primary
metabolites are soluble in water; hence, they can be
easily extracted by hot water. The amount of
nitrogenous compounds within lichens ranges
between 1.6 and 11.4% dry weight of the thallus,
whereas carotenoids exist in the range 1.5-24 mg/g
dry weight of the thallus. Examples for those

carotenoids are B-carotene epoxide, a-cryptoxanthin,

Such metabolites can be

lutein, astaxanthin, and mutatoxanthin. Many vitamins
are produced by lichens such as ascorbic acid,
pantothenic acid, folic acid, nicotinic acid, riboflavin,
biotin, thiamine, and a-tocopherol [18]. In contrast to
primary metabolites, secondary metabolites are not

involved in either growth or reproduction of lichens;
therefore, secondary metabolites do not participate in
the basic molecular skeleton of the microorganism
[17,19,20]. Till now, over one thousand metabolites
have been originated and identified from lichens [21].
The majority of these metabolites are unique to lichens,
whereas a minority exist in other fungi or higher plants.
Moreover, the majority of secondary metabolites are
poorly soluble in water; hence, their extraction requires
using organic solvents [22]. One characteristic feature
of lichens’ secondary metabolites is their extreme
stability [23]. However, some works have described
variability in concentrations of metabolites such as
usnic acid and atranorin [24]. The production of
secondary compounds is genetically controlled and,
in some cases, is dependent on geography and
morphology of the species or genus [25].
Histologically, lichens’ secondary metabolites are
commonly existing in the medulla or to a lesser
extent in the cortex. The most usual cortical-located
metabolites are atranorin and usnic acid. Moreover,
anthraquinones, xanthones, and pulvinic acid
derivatives were also reported to be located in the
cortex. The expression of lichen metabolites differs
among the layers of lichen thallus, and typical
cortical metabolites can be distinguished from
compounds usually found only in the medulla. The
majority of the cortical compounds function as a light
filter [26].

Generally, metabolites production, their variation,
and concentration are usually taxon specific and
depend
synthesized only in permissive physiological stages.
Hence, the production of metabolites in axenic
cultures can differ significantly from that in nature
[18]. For instance, fungal partner (mycobionts) grown
without their algal partner (photobionts) produces
expected secondary metabolites under certain
conditions [27-29] but can also produce different
metabolites from those found in symbiosis [30]. In
general, different culture conditions are required by
every lichen mycobiont to produce specific secondary
metabolites. These conditions include specific
temperatures, light levels, nutrient medium, pH, the
presence of certain sugars or polyols, and stress [29].
According to their chemical structures and
biosynthetic origins, lichen secondary metabolites
are originated from three chemical pathways:
shikimate, acetyl-malonate, and mevalonate [21].
Definitely every metabolite produced by lichens
exerts a specific function that assists the lichen
itself in one way or another. For example, some
phenolic compounds such as melanins are

on many factors, whereas some are



protectors against excessive radiation through
ultraviolet B exposure through being accumulated in
the thallus [31]. Such compounds exert potent
activity  [32].
phenolic compounds protect the lichen from being
eating by herbivorous animals [33], whereas other
secondary metabolites display antimicrobial activities
that prevent microbial attacks that may lead to
degradation of the thallus [34]. Many lichen-
synthesized secondary metabolites are responsible
for keeping the equilibrium in the symbiotic
relation, whereas others may dissolve rocks for
improved attachment of the lichen [35,36].

antioxidant Furthermore, many

Lichens’ nutritional benefits

Owing to their mild toxicity and difficulty in digestion,
people have traditionally conducted different
preparation methods to make lichens edible, such as
removing secondary compounds and/or hydrolyzing
the lichen polysaccharides [32]. This can be
accomplished by boiling or steaming which would
help to hydrolyze the lichen polysaccharides into
digestible forms. Many carbohydrates (polyols) exist
in lichens such as adonitol (ribitol), mesoerytritol,
glycerol, myo-inositol, D-mannitol, siphulitol, and
volemitol; moreover, monosaccharides such as
arabinose, D-fructose, D-galactose, D-glucose, D-
tagatose, D-xylose had been previously reported
[37]. Moreover, oligosaccharides and polysaccharides
such as D-mannitol, peltigeroside, sucrose, trehalose,
umbilicin, isolichenin, lichenin, and pustulan are also
listed. Organic acids such as citric acid, glyceric acid,
malic acid, oxalic acid, phospoglyceric acid, and
succinic acid are reported from many lichens [38].
On the contrary, some lichen polysaccharides can be
extracted in significant yield, such as a-glucans,
p-glucans, and galactomannans, which are generally
expected to be originated from the fungal partner [37].
The nitrogenous compounds exist in many forms in
lichens such as the amines, amino acids, and
oligopeptides; examples include ammonia, choline,
choline sulfate ester, ethanolamine, methylamine,
trimethylamine, alanine, a-aminobutyric acid,
arginine, asparagine, aspartic acid, betaine, cystine,
phenylalanine, leucine, sarcosine, glutamic acid,
glutamine, tryptophan, glycine, isoleucine, tyrosine,
lysine, methionine, proline, serine, threonine, valine,
and picroroccellin [38]. Carotenoids, chlorophylls, and
phycobilins were reported in lichens, and they function
as receptors of light energy. Carotenoids have another
function as a protective agent that prevents the
degradation of chlorophyll by molecular oxygen. The
total carotenoid content varies from 23.25 to 123.5 g/g
dry weight of the lichen [16]. Furthermore, some

[Downloaded free from http://www.epj.eg.net on Tuesday, January 26, 2021, IP: 158.232.3.16]

Lichens pharmaceuticals potential Elkhateeb and Daba 199

sulfur-containing compounds have been reported
from lichens such as dimethyl sulfone [38]. Many
vitamins and growth factors were also extracted from
lichens such as riboflavin, ascorbic acid, niacin, biotin,
folic acid, pantothenic acid, thiamine, and vitamin B12

[37].

Lichens as a pollution indicator

To  determine  environmental contamination
quantitatively, some organisms are used as tools in
this process. Such organisms are known as
biomonitors [39-43]. Owing to the high sensitivity
of lichens to different environmental factors, lichens
are strong candidates to have a role as bioindicators
and/or biomonitors in two methods: (a) mapping all
species existing in a specific area (method A), and (b)
through individual sampling of lichen species and
measuring pollutants accumulating in the thallus, or
by transplanting lichens from an uncontaminated
area to a contaminated one, and then
morphological changes in the lichens thallus were
measured (method B) [44-46]. Air pollution owing
to industrial pollutants emitted from vehicles and
different sources has an influence on diversity and
distribution of lichens, which can be used for the
Index of Atmospheric Purity. Mapping all species
present in a specific area (method A) is a reliable
promising method to monitor air pollution [47].
Examples of the most sensitive lichen genera are
Evernia, Candelariella, Parmelia, and Ochrolechia

[48].

Lichens’ biological activities and medicinal uses

Natural products are a promising therapeutic
alternative to the currently used antimicrobial
treatment [49,50]. Lichen-derived products, which
are known as lichen substances, and their antibiotic
properties are attracting serious attention nowadays,
because up to 50% of all discovered lichens have been
reported to exert antibiotic properties [8,51]. The study
by Burkholder es al. [52] was the first pioneered
research describing lichens as antibacterial agents.
Some of the most frequently reported lichen-derived
metabolites with strong antimicrobial activities are
usnic acid, vulpinic acid, and evernic acid, which can
successfully inhibit growth of many gram-positive
bacteria such as Staphylococcus Bacillus
megaterium, and Bacillus subtilis. Nevertheless, such
compounds had no effect on the tested gram-
negative bacteria (Escherichia coli or Pseudomonas

aureus,

aeruginosa) [51,53]. The extracts of lichen species
Parmelia sulcata were reported to contain salazinic
acid, which has exhibited antibacterial properties
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against Aeromonas hydrophila, Bacillus cereus, Bacillus
subtilis, Listeria monocytogenes, Proteus vulgaris, Yersinia
enterocolitica, S. aureus, Streptococcus faecalis, Candida
albicans, and Candida glabrata [54]. Diethyl ether,
acetone,
contained protolichesterinic acid with promising
antibacterial activity against nine bacteria belonging
to gram-positive and gram-negative groups [55]. Most
of the antibacterial activities were tested specifically on
Bacillus, Pseudomonas, E. coli, S. aureus, Kleibsiella,
Candida, Salmonella, and Yersinia [56-59]. Among
the Bacillus species, Bacillus sublitis was the most
sensitive bacterium to lichen metabolites such as
atranorin, protolichsterinic acid, salazinic acid, usnic
acid, norstictic  acid,  protoacetraric  acid,
fumaroprotoacetraric acid, atranol, lecanoric acid,
stictic acid, divericatic acids, and zeorin [60—68].

and ethanol extracts of Cetfraria aculeate

Conclusion

Understanding the importance of lichens, which are
existing everywhere and have prestigious contributions
in traditional folk medicine all over the world, is
currently of great interest. Moreover, a remarkable
list of applications are based on lichens, starting
from their use as nutrients and animal feed, moving
to their use as a source of dyes, their use in many
countries as indicators for air quality and changes in
climate, as lichens respond to the smallest change in
climate or pollution in a way much faster than most
other biological options, and finally ending with the
pharmaceutical uses of their substances (metabolites).
Further studies on lichens and their metabolites are
highly required to get optimum benefits from these
valuable dual organism.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1 Shukla V, Joshi GP, Rawat MS. Lichens as a potential natural source of
bioactive compounds: a review. Phytochem Rev 2010; 9:303-314.

2 Llano GA. Economic uses of lichens. Econ Bot 1948; 2:15.

3 Clair SB, Clair LL, Weber DJ, Mangelson NF, Eggett DL. Element
accumulation patterns in foliose and fruticose lichens from rock and bark
substrates in Arizona. Bryologist 2002; 105:415-421.

4 Monge-Najera J. Relative humidity, temperature, substrate type, and height
of terrestrial lichens in a tropical paramo. Rev Biol Trop 2019; 67:1.

5 Nayaka S. Methods, techniques in collection, preservation and
identification of lichens. In: Rana TS, Nair KN, Upreti DK. (editors), Plant
taxonomy and biosystematics: classical and modern methods. India: New
India Publishing Agency; 2014.101-105.

6 Rankovi¢ B. Lichen secondary metabolites. Cham: Springer International
Publishing; 2015.

10

"

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Smith AL. Lichens. London: Cambridge University Press; 1921.

Sharnoff SD. Lichens and people. 1997. Available at: http://www.lichen.
com/people.html. [Accessed on 5 July 2011].

Crawford SD. Lichens used in traditional medicine. In Lichen secondary
metabolites 31-97. Cham: Springer; 2019.

Crawford S. Ethnolichenology of Bryoria fremontii: wisdom of elders,
population ecology, and nutritional chemistry [MSc thesis]. Victoria:
University of Victoria, Canada 2007.

Weber GH, Wiggers FH. Primitiae Florae Holsaticae. Litteris Mich. Frider.
Bartschii Acad. Typogr, Germany. 1780.

Thell A, Crespo A, Divakar PK, Kéarnefelt I, Leavitt SD, Lumbsch HT,
Seaward MR. A review of the lichen family Parmeliaceae - history,
phylogeny and current taxonomy. Nord J Bot 2012; 30:641-664.

Chevallier A. The encyclopedia of medicinal plants. London: Dorling
Kindersley; 1996.

Malhotra S, Subban R, Singh AP. Lichens - role in traditional medicine and
drug discovery. Internet J Alternat Med 2008; 5:1-5.

Reddy SM. University botany I: (algae, fungi, bryophyta and pteridophyta)
(Vol. 1). New Delhi, India: New Age International; 2001.

Podterob AP. Chemical composition of lichens and their medical plications.
Pharma Chem J 2008; 42:582—-588.

Rankovi¢ B, Kosani¢ M. Lichens as a potential source of bioactive
secondary metabolites. In Lichen Secondary Metabolites. Cham:
Springer; 2019. 1-26.

Hawksworth D. Lichen secondary metabolites: bioactive properties and
pharmaceutical potential. In: Rankovi¢ B editor. The Lichenologist. Cham,
Switzerland: Springer International Publishing; 2015. 47:277-278.

Galun M, Shomer-llan A. Secondary metabolic products. In: Galun M
(editor) CRC handbook of lichenology. Boca Raton, FL: CRC 1988. 11:3-8.

Solhaug K, Lind M, Nybakken L, Gauslaa Y. Possible functional roles of
cortical depsides and medullary depsidones in the foliose lichen Hypogymnia
physodes. Flora-Morphol Distrib Funct Ecol Plants 2009; 204:40—48.

Molnar K, Farkas E. Current results on biological activities of lichen
secondary metabolites: a review. Z Naturforsch C 2010; 65:157-173.

Backorova M, Jendzelovsky R, Kello M, Backor M, Mikes$ J, Fedorocko P.
Lichen secondary metabolites are responsible for induction of apoptosis in
HT-29 and A2780 human cancer cell lines. Toxicol In Vitro 2012; 26:462—-468.

Rundel PW. The ecological role of secondary lichen substances. Biochem
Syst Ecol 1978; 6:157-170.

Ravinskaya AP, Vainshtein EA. Effect of some ecological factors on the
content of lichen substances. Ekologiya 1975; 6:82.

Zhou QM, Guo SY, Huang MR, Wei JC. A study of the genetic variability of
Rhizoplaca chrysoleuca using DNA sequences and secondary metabolic
substances. Mycologia 2006; 98:57-67.

Marques J. A framework for assessing the vulnerability of schist surfaces to
lichen-induced weathering in the Upper Douro region (NE Portugal).
Directores: Rubim Almeida y Graciela Paz. Universidad: Universidade
de Porto. Fecha de lectura; 2013.

Mattsson JE. Lichen proteins, secondary products and morphology - a
review of protein studies in lichens with special emphasis on taxonomy
(Proceedings of the Symposia on Bryology and Lichenology at the 15
International Botanical Congress)-(Lichen Substances). J Hattori Bo Lab
1994; 76:235-248.

Fazio AT, Adler MT, Bertoni MD, Sepulveda CS, Damonte EB, Maier MS.
Lichen secondary metabolites from the cultured lichen mycobionts of
Teloschistes chrysophthalmus and Ramalina celastri and their antiviral
activities. Z Naturforsch C 2007; 62:543-549.

Hager A, Brunauer G, Turk R, Stocker-Worgdtter E. Production and
bioactivity of common lichen metabolites as exemplified by Heterodea
muelleri (Hampe) Nyl. J Chem Ecol 2008; 34:113-120.

Brunauer G, Hager A, Grube M, Tirk R, Stocker-Worgétter E. Alterations in
secondary metabolism of aposymbiotically grown mycobionts of Xanthoria
elegans and cultured resynthesis stages. Plant Physiol Biochem 2007;
45:146-151.

Gauslaa Y, Solhaug K. Fungal melanins as sun screen for symbiotic green
algae in the lichen Lobaria pulmonaria. Oecologia 2001; 126:462—-471.
Muller K. Pharmaceutically relevant metabolites from lichens. Appl
Microbiol Biotechnol 2001; 56:9-16.

Mitrovi¢ T, Stamenkovi¢ S, Cvetkovi¢ V, Nikoli¢ M, Tosi¢ S, Stojici¢ D. Lichens
as source of versatile bioactive compounds. Biol Nyssana 2011; 2:1-6.
Emmerich R, Giez |, Lange OL, Proksch P. Toxicity and antifeedant activity
of lichen compounds against the polyphagous herbivorous insect
Spodoptera littoralis. Phytochemistry 1993; 33:1389-1394.


http://www.lichen.com/people.html
http://www.lichen.com/people.html

[Downloaded free from http://www.epj.eg.net on Tuesday, January 26, 2021, IP: 158.232.3.16]

35

36

37

38

39

40
a1

42

43

a4

45

46

47

48

49

50

51

52

53

54

Seaward MR. Major impacts made by lichens in biodeterioration processes.
Int Biodeterior Biodegradable 1997; 40:269-273.

Huneck S. The significance of lichens and
Naturwissenschaften 1999; 86:559-570.

Akbulut G, Yildiz A. An overview to lichens: the nutrient composition of
some species. Kafkas Uni Fen Bilimleri Enstitiisti Dergisi 2010; 3.2:79-86.
Culberson CF, Elix JA. Lichen substances. In: Dey PM, Harborne JB
(editors) Methods in plant biochemistry: plant Phenolics. London:
Academic 1989. 509-535.

Nimis P, Castello M, Perotti M. Lichens as biomonitors of sulphur dioxide
pollution in La Spezia (Northern ltaly). Lichenologist 1990; 22:333-344.

Gries C. Lichens as indicators of air pollution. Lichen Biol 1996; 1:1-29.

their metabolites.

Hamada N, Miyawaki H. Lichens as bioindicators of air pollution. Jap J Ecol
1998; 48:49-60.

Nali C, Balducci E, Frati L, Paoli L, Loppi S, Lorenzini G. Integrated
biomonitoring of air quality with plants and lichens: a case study on
ambient ozone from central Italy. Chemosphere 2007; 67:2169-2176.

Jovan S. Lichen bioindication of biodiversity, air quality, and climate:
baseline results from monitoring in Washington, Oregon, and California,
Portland, U.S. Dept. of Agriculture 2008.

Richardson D. Lichens and man. In: Frontiers in Mycology. D. L.
Hawkworth, ed. 1991; 187-210

Nash TH. (Ed.). Lichenbiology. Cambridge, United Kingdom: Cambridge
University Press; 1996.

Conti M, Cecchetti G. Biological monitoring: lichens as bioindicators of air
pollution assessment—a review. Environm Poll 2001; 114:471-492.

Firdous SS, Naz S, Shaheen H, Dar ME. Lichens as bioindicators of air
pollution from vehicular emissions in district Poonch, Azad Jammu and
Kashmir, Pakistan. Pak J Bot 2017; 49:1801-1810.

Stamenkovi¢ S, Cvijan M, Arandjelovic M. Lichens as bioindicators
of air quality in Dimitrovgrad (South-Eastern Serbia). Archives of Biological
Sciences (Serbia). Arch Biol Sci Belgrade 2010; 62:643—-648.

Ali MS, Azhar |, Amtul Z, Ahmad VU, Usmanghani K. Antimicrobial
screening of some Caesalpiniaceae. Fitoterapia 1999; 70:299-304.

Nimri LF, Meqdam MM, Alkofahi A. Antibacterial activity of Jordanian
medicinal plants. Pharma Biol 1999; 37:196-201.

Lawrey JD. Biological role of lichen substances. Bryologist 1986;
89:111-122.

Burkholder PR, Evans AW, McVeigh |, Thornton HK. Antibiotic activity of
lichens. Proc Natl Acad Sci U S A 1944; 30:250-255.

Ingolfsdottir K, Gudmundsdottir GF, Ogmundsdottir HM, Paulus K,
Haraldsdottir S, Kristinsson H, Bauer R. Effects of tenuiorin and methyl
orsellinate from the lichen Peltigera leucophlebia on 5-/15-lipoxygenases
and proliferation of malignant cell lines in vitro. Phytomedicine 2002;
9:654-658.

Candan M, Yilmaz M, Tay T, Erdem M, Tirk AO. Antimicrobial activity of
extracts of the lichen Parmelia sulcata and its salazinic acid constituent. Z
Naturforsch C 2007; 62:619-621.

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Lichens pharmaceuticals potential Elkhateeb and Daba 201

Turka AO, Yilmaz M, Kivang M, Tiirk H. The antimicrobial activity of extracts
of the lichen Cetraria aculeata and its protolichesterinic acid constituent. Z
Naturforsch C 2003; 58:850-854.

Rankovi¢ B, Misi¢ M. The antimicrobial activity of the lichen substances of
the lichens Cladonia furcata, Ochrolechia androgyna, Parmelia caperata
and Parmelia conspresa. Biotechnol Biotechnol Equip 2008;
22:1013-1016.

Karthikaidevi G, Thirumaran G, Manivannan K, Anantharaman P,
Kathiresan K, Balasubaramanian T. Screening of the antibacterial
properties of lichen Roccella belangeriana (awasthi) from Pichavaram
mangrove (Rhizophora sp.). Adv Biomed Res 2009; 3:127-131.

Karagéz A, Dogruoz N, Zeybek Z, Aslan A. Antibacterial activity of some
lichen extracts. J Med Plants Res 2009; 3:1034—-1039.

Martins M, Lima M, Silva FP, Azevedo-Ximenes E, Silva N, Pereira EC.
Cladia aggregata (lichen) from Brazilian northeast: chemical
characterization and antimicrobial activity. Braz Arch Biol Technol 2010;
53:115-122.

Manojlovic NT, Vasiljevic PJ, Gritsanapan W, Supabphol R, Manojlovic I.
Phytochemical and antioxidant studies of Laurera benguelensis growing in
Thailand. Biol Res 2010; 43:169-176.

Rankovi¢ B, Kosani¢ M, Sukdolak S. Antimicrobial activity of some lichens
and their components. In: Anninos P, Rossi M, Pham TD, Falugi C, Bussing
A, Koukkou M, editors. Recent advances in clinical medicine. Cambridge,
UK: World Scientific and Engineering Academy and Society Press 2010;
279-286

Santiago KA, Borricano JNC, Canal JN, Marcelo DMA, Perez MCP,
dela Cruz TEE. Antibacterial activities of fruticose lichens
collected from selected sites in Luzon Island, Philippines. Phil Sci
Lett 2010; 3:18-29.

Swathi D, Suchitha Y, Prashith Kekuda TR, Venugopal TM, Vinayaka KS,
Mallikarjun N, Raghavendra HL. Antimicrobial, antihimintic and insecticidal
activity of a macrolichen Everniastrum cirrhatum (FR.). Hale Int J Drug Dev
Res 2010; 2:780-789.

Zambare VP, Zambare AV, Christopher LP. Antioxidant and antibacterial
activity of extracts from lichen Xanthoparmelia somloensis, native to the
black hills, South Dakota, USA. Int J Med Sci Technol 2010; 3:46-51.

Elkhateeb WA, Daba GM. Lichens, an alternative drugs for modern
diseases. Int J Res Pharma Biosci 2019; 6:5-9.

Elkhateeb WA, Daba GM, El-Dein AN, Sheir DH, Fayad W, Shaheen MN, et
al. Insights into the in vitro hypocholesterolemic, antioxidant, anti-rotavirus,
and anti-colon cancer, activities of the methanolic extracts of a Japanese
lichen, Candelariella vitellina, and a Japanese mushroom, Ganoderma
applanatum. Egypt Pharma J 2020; 19:67-73.

El-Garawani IM, Elkhateeb WA, Zaghlol GM, Almeer RS, Ahmed EF, Rateb
ME, Moneim AE. A. Candelariella vitellina extract triggers in vitro and in vivo
cell death through induction of apoptosis: a novel anticancer agent. Food
Chem Toxicol 2019; 127:110-119.

Kuhnlein HV, Turner NJ. Traditional plant foods of Canadian indigenous

peoples: nutrition, botany and use. Abingdon, England: Tylor & Francis;
1991.



