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Lichens have attracted considerable interest since ancient time due to their medicinal
properties. Lichen produce a variety of orcinol-based compounds such as xanthones,
anthraquinones, dibenzofurans, depsides, and depsidones. Several related
compounds have shown potent bioactivities as antiviral, antioxidant, anti-herbivore,
insecticidal, antifungal, and anticancer. Lichens have been employed as traditional
medicines, and these are continuing to be of great interest for their biotechnological
potential. The purpose of this review was to systematically evaluate the literature on
the orcinol based biologically active secondary metabolites of lichen.
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Introduction that neither of them would be able to survive on its
own (Margulis and Barreno 2003; Bates et al.

Lichens are extraordinary self-supporting symbiotic  2011).

microorganisms, formed by both alga Some lichenized fungi synthesized secondary

metabolites without photobiont under certain
conditions, for example the lichen Lecanora
dispersa contains 2,7-dichlorolichexanthone as the

(cyanobacteria) and fungi. This association is very
useful for both organisms. The alga carries
chlorophyll and is called photobiont. The fungi

build the structure of the lichen thalli, the partner
may be referred to as the mycobiont (De Priest
2004). Alga produces primary metabolites by
photosynthesis (sugars, amino acids, carotenoids,
and starch) for fungus growth and, which in turn
gives a surface to the algae for the protection
against dehydration (Podterob 2008). The fungus
and the alga are in a mutualistic relation and they
are capable of dealing with ecological conditions,

main secondary metabolite, but cultured spore
isolates, growing in absence of the alga, produced
from lichen genus Pannarin (Leuckert et al. 1990).
A lichen thalli consist of cortex layers, algal layer
and medulla. Naturally, lichens grow in a very slow
and radial manner that is measured in millimeters
per year. Lichen produces different secondary
metabolites (SMs), and most of them occur
exclusively in this symbiotic organism (Boustie and
Grube 2005; Jayanthi et al. 2012; Xu et al. 2016).
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During the complex metabolic interaction between
mycobiont and photobiont, the mycobiont produce
important secondary metabolites and accumulate as
extracellular tiny crystals on the external sides of
the hyphae. Lichen-derived secondary metabolites
are small and complex molecules, which represent
about 20 % of lichens total dry weight (Muggia et
al. 2009). They act as protectors of the thalli against
attacks by pathogens, herbivores, competitors, and
different external abiotic conditions including high
UV irradiation. Approximately 1,050 lichen
secondary metabolites have been extracted and
identified to date. Most well-known lichen
substances are members of phenolic compounds
such as dibenzofurans, anthraquinones, depsides,

depsidones, depsidones, triterpenes, gamma
lactones, and pulvinic acid derivatives.

Lichens synthesized SMs, mainly Acetyl-
Polymalonate pathway (APP), Shikimic acid

pathway (SAP) and Mevalonic acid pathway
(MAP) (Culberson and Armaleo 1992; Cobanoglu
et al. 2016). The polyketide biosynthetic pathway
seems to be in charge of majority of the phenolic
lichen compounds, while pulvinic acid derivatives
derived from shikimic pathway and the abundance
of di and triterpenoids, carotenoids, steroids found
in lichens are synthesized via the mevalonate
pathway (Stocker-Worgotter 2008). On the other
hand, secondary metabolites originated from the
fungal partner of the lichen, are placed on the
surface of the fungal hyphae. Most of these fungal
secondary metabolites are phenolics, crystalline in
nature and soluble in organic solvents. However,

the carbon is essential for lichen secondary
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Orcinol

substances biosynthesis and is obtained by the algal
partner during photosynthesis. The carbohydrates
involved in this process depend mainly on the algae
itself and are mostly glucose and sugar alcohols
(polyols) (El-Garawani et al. 2020).

Orcinol based lichen secondary metabolites

Orcinol and its derivatives have been considered
the most common mono-hydric  phenolic
compounds found in lichens (Stepanenko et al.
2002; Férnandez-Morano et al. 2015; Moreira et al.
2015). As shown in Fig. 1, the major orcinol based
compounds of lichens are produced by the
polyketide route. In this pathway, two coenzymes
such as acetyl-CoA and malonyl-CoA are utilized
in lichen substances biosynthesis. Particularly,
orcinol-based secondary metabolites produced by
orsellinate type of cyclization. Orsellinic acid and
its homologues are the most existing mononuclear
structural units of polyketide-related lichen
substances.

Orcinol type of secondary metabolites (orcinol and
orsenillic acid based derivatives, e.g. lecanoric
acid, montagnetol, trivaricacid, gyrophoric acid,
evernic acid, methyl orsenillate, and erythrin)
(Subba Rao and Seshadri 1941; Boustie and Grube
2005; Thadhani et al. 2011).

B-orcinol type of secondary metabolites (B-orcinol
and B-orsenillic acid based derivatives, (e.g.

diffractic acid, pannarin, stictic acid, atranorin and
vicanicin acid (Kathirgamanathar et al. 2004;
Papadopoulou et al. 2007).

[Depside, depsidonesand benzyl ether]

based derivatives

Fig. 1. Biosynthesis of orcinol based lichen secondary metabolites.
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Depsides

Depsides are phenolic compounds, constructed
through intermolecular esterification of two or
more orsenillic acid units. For example, the
carboxylic acids of one unit are joined to the
hydroxyl para to the carboxylic acid of the second
unit, such esterification leads to para-depside. If the
esterification occurs through meta hydroxyl with
respect to the carboxylic acid called meta-depside
(Seshadri 1944; Elix and Wardlaw 1986). Some of
the important examples of this class are lecanoric
acid, gyrophoricacid, erythrin, etc.

Depsidones

Depsidones are the important class of oxygenated
heterocyclic compounds derived from lichen
species. Depsidones consist of both ester and ether
linkage synthesized from the depsides. The
depsidones  biosynthesis  involves  oxidative
coupling of depsides, which are normally
biosynthesized from the condensation of orsellinic
acid and orcinol derivatives. However, depsidones
biosynthesis may actually operate through a
depside intermediate pathway (Hirayama et al.
1974; Llah et al. 1993). Some of the important
examples of this class are diploicin, psoromic acid,
virensic acid, and norstictic acid.

Dibenzofurans

Dibenzofurans are essentially unique to lichens,
produced via the  polyketide pathway.
Dibenzofurans are formed by carbon-carbon
coupling and cyclodehydration of two phenolic
units (orcinol and orsenillic acid derivatives).
Notable examples of this class are didymic acid,
pannaric acid, schizopeltic acid, subbidymic acid,
and usnic acid (Millot et al. 2016).

Xanthones

Lichens produces poly-substituted aromatic
xanthones, formed through internal cyclization of a
single folded polyketide chain. Majority of the
lichen xanthones are synthesized via folding of a
polyketide intermediate, which results in formation
of structures having a methyl group in position 8.

Both, aldol condensation and Claisen-type
cyclization yield a benzophenone intermediate that
might then dehydrate to form the central pyrone
core. Two different series of xanthones are
resulting according to this folding pattern. This
biosynthetic scheme gives rise to the common
oxygen substitution pattern of lichexanthone and
norlichexanthone (Rezanka et al. 2003; Masters
and Brise 2012; LePogam and Boustie 2016).
Some of the important examples of this class are
lichexanthone, nor lichexanthone and arthothelin.

Biphenyls

In lichens, biphenyls form via phenolic couplings
of two methyl pholoroacetate to phoneunits,
followed by O-methylation of hydroxyl groups.
Since the mechanism for carbon bond formation
between two mono-aromatic units is common in
lichens, as exemplified in the usnic acids,
dibenzofurans, and depsidones formation. It is
interesting to note that contortin is the only lichen
biphenyl known so far. Another compound also
formed from two mono aromatic units bound by a
carbon-carbon linkage is the diphenyl methane, bis-
(2,4-dihydroxy-6-n-propylphenyl) methane, which
are found in Protousnea sp., eg. contortin (Rezanka
et al. 2003).

Biological activity of orcinol based lichen
secondary metabolites

In nature, lichen fungi grow under the most
extremely  different  ecological  conditions.
Lichenized fungi produce variety of low molecular
weight orcinol based secondary metabolites possess
several biological activities, including anti-
bacterial, anti-fungal, anti-oxidant, anti-diabetic,
anti-cancer, and anti-inflammatory activities
(Lawrey 1986; Boustie and Grube 2005; Shukla et
al. 2010; Shrestha and Clair 2013). However,
lichens are pharmaceutically unexplored secondary
metabolites. Extracts and isolated compounds from
different lichen species antimicrobial activities.
From literature surveys, it was found that lichen
genus such as Usnea, Parmelia, Parmotrema,
Cetraria, Pseudevernia and Hypogymnia showed
potent antimicrobial and antifungal activities (Tiirk
et al. 2006; Kamal et al. 2015; Ozyigitoglu et al.
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2017). The major metabolites gyrophoric acid (1),
stenosporic acid (2) isolated from the lichen,
Xanthoparmelia pokornyi showed antimicrobial
activity towards some known food borne bacteria
and fungi. These acid derivatives showed
significant anti-microbial activity again sleight
organisms (Candan et al. 2006). Methyl-B-orcinol
carboxylate is an orcinol derivative isolated from
the lichen, Everniastrum irrhatum, tested against
polyene and azole-resistant strains of Candida
albicans and capable of inhibiting drug-resistant
strains in a dose dependant manner (Candan et al.
2006). New dibenzofuran derivatives (3 — 5)
obtained from the Cladonia incrassate showed
anti-bacterial activity against S. aureus organism.
The major metabolites, (-)usnic acids (3), didymic
acid (4) and condidymic acid (5) (Fig. 2), were
found to be potent molecules (MIC : 7.5 pg.mL™).
Phenonip was used as a positive control (ICso: 150
ng.mL?) in this assay (Dieu et al. 2014).
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Fig. 2. Structures of 1-5.

Hirtusneanoside A (6) was first extracted from the
Usnea hirta by Rezanka and Sigler (2007) and
found to be an L-rhamnose-O-deoxyglycoside of
an unsymmetrical dimeric tetra-hydro xanthone. It
is potent when tested against Staphylococcus
aureus and Bacillus subtilis (Rezanka and Sigler
2007). Depside anziaic acid (7) was discovered
from lichen (Hypotrachyna sp.) as an inhibitor for
both Yersinia pestis and Escherichia coli
topoisomerase | and it was also found to act as an
inhibitor of human topoisomerase Il (with little
effect on human topoisomerase ), an important
enzyme in cancer processes (Lin et al. 2013). Some
lichen compounds such as (+) usnic acid (8),
vicanicin (9), and diffractic acid (10) were

identified as anticancer molecules (Fig. 3). Usnic
acid, a di-benzo furan derivative, isolated from
Cladonia lepidophora lichen species. It is one of
the well-studied lichen secondary metabolite,
showed potent anti-cancer activity against HCT-
116 and HeLa cancer cell lines with ICsp values of
17.7 uM and 23.7 uM respectively, and was found
to be more active than the standard etoposide (ICso
= 40.3 uM). Vicanicin (9) showed moderate anti-
cancer activities against HCT-116, HeLa and MCF-
7 cell lines (Cocchietto et al. 2002). Evernic acid
(11) and physodic acid (12) were isolated from the
acetone extract of Evernia prunastri and
Pseudevernia furfuracea showed cytotoxicity
against FemX (human melanoma) and LS174
(human colon carcinoma) cell lines. Particularly,
physodic acid (12) exhibited the better cytotoxic
activity (ICso values of 19.52 for Fem Xcell line
and 17.89 pgmL? for LS 174) (Kosani¢ et al.
2013).
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Fig. 3. Structures of 6-12.

A new di-phenyl ether (13) and secalonic acid D
(14) were isolated from the lichen, Diploicia
canescens and evaluated for their anti-cancer
activity against the B16 murine melanoma cells.
The di-phenyl ether (ICsp = 0.25 uM) and secalonic
acid (ICso = 0.28 uM) showed anti-cancer activity
similar to standard etoposide (ICso 0.28 pM)
against B16 cell line (Millot et al. 2009).
(-)usnic acid (15), a dibenzofuran derivative
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isolated from different lichens genera such as
Cladonia, Usnea, Hypotrachyna, Ramalina,
Evernia, Lecanora, Parmelia and most extensively
studied lichen compound in search of anticancer
agents (Lumbsch et al. 1995; Cocchietto et al.
2002; Cansaran-Duman et al. 2008). It has been
shown moderate to potent proliferative activities
against multiple cell lines, such as L-929 mouse
fibroblast cells, K-562 human leukemia cells, HeLa
human cervix carcinoma, FemX human melanoma,
LS174 human colon carcinoma 37 and UACC-62
human melanoma cells (Schinkovitz et al. 2014).
(-)Usnic acid and M-scrobiculin were extracted
from the lichen Lobaria scrobiculata and exhibited
cytotoxicity against HL-60 cells. Both the isolated
compounds showed ICsp values of 7.6 and 1.7 uM
for (15 and 16 in Fig. 4). Doxorubicin was positive
control in this assay (ICso = 0.04uM).
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Fig. 4. Structures of 13-16.
Anti-oxidants  inhibit  undesirable  oxidation

processes by reacting with free radicals (reactive
oxygen species) and their ability to protect the body
from damage caused by oxidative stress. Most of
the secondary metabolites have been identified as
phenolic compounds in lichens, which are strong
antioxidants. Some orcinol based secondary
metabolites such aslobariellin  and  methyl
haematommate isolated from L. pallida and S.
strictum var. compressum exhibited promising
antioxidants, able to prevent skin and
neurodegenerative damage caused by oxidative
stress. Depsidones such as norstictic acid (17),
fumarprotocetraric  acid (18) and  methyl
haematommate (19) isolated from the lichen Usnea
articulata showed Dbetter superoxide anion
scavenging activity with 1Cso 566 and 580 uM,
respectively, than standard quercetin (ICso = 754

uM) (Lohézic-Le Dévéhat et al. 2007). Orsellinic
acid (20) and methyl orsellinate (21) were isolated
from Parmotrema stuppeum and Heterodermia
obscurata  together  with  methyl-B-orcinol
carboxylate (22). Significant activity was observed
for both the compound in the B-carotene-linoleate
model system and in the NOR assay (Jayaprakasha
and Rao 2000; Thadhani et al. 2011). The para-
depsides lecanoric acid (23), erythrin (24) and the
meta-depside sekikaic acid (25), along with the
depsidone lobaric acid (26) showed exceptionally
potent radical scavenging activity in the SOR assay
(Fig. 5). Interestingly, the ICso values of the
sekikaic acid (81.9 uM) lecanoric acid (91.4 uM)
and lobaric acid (97.9 uM) were found lower than
standard propylgallate standard (106 uM) (Fig. 5).
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Fig. 5. Structures of 17-26.

Taborga et al. (2016) reported the new prenylated
orcinol derivatives (27-29) from the direct reaction
between orcinol and geraniol in the presence of
BFsOEt as catalyst. The cytotoxic activity of
synthesized compounds was in vitro investigated
against various cancer cell lines including (HT-29,
PC-3, MDA- MB231, DU-145). All the tested
compounds were found to exhibit anti-cancer
activity.  Orsellinates  were  synthesized by
alcoholysis of lecanoric acid, a natural product
isolated from the lichen Parmotrema tinctorum.
Increasing the aliphatic alkyl chain at the ester
functionality of orsellinic acid causes enhancement
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in the cytotoxic activity. The ethyl, propyl, butyl
and pentanyl orsellinates (30 — 33) showed LCso
values range from 495 — 31 uM against brine
shrimp (Artemia salina) (Gomesa et al. 2006).
Among tested ones, pentanyl orsellinate (33)
possess potent inhibitory activity, whereas standard
Podophyllotoxin  showed cytotoxicityl5 uM.
Lichen genus Parmelia is a rich source for depsides
(Aravind et al. 2014). Atranorin (34) and
diffractaic acid (35) isolated from the Parmelia
nepalensis and Parmelia tinctorum, showed highly
potent inhibitory activity against leukotriene B4
biosynthesis by a non-Redox mechanism with 1Cso
values 6 and 8 uM respectively (Fig. 6).
Nordihydroguaiaretic acid and anthralin were used
as standard inhibitors (ICso = 0.4 and 37 puM
respectively) (Kumar and Miiller 1999).
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Fig. 6. Structures of 27-35.

Conclusion

From the above review it is evident that the orcinol
form is an important building block for several
phenolic compounds isolated from lichens. Orcinol
has very useful functionalities like phenolic,
hydroxyl, and one methyl group, which are enable
for a wide range of chemical transformations.
Chemical modification of orcinol is expected to
elaborate wide range of diverse analogs and hybrid
molecules. Due to their structural diversity these
compounds are expected to exhibit newer and
enhanced biological activities.
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