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Introduction

Lichen (leikhén means “what eats around itself”), is a sym-
biosis between a mycobiont (heterotropic fungi) and a photo-
biont (photosynthetic algae) or a cyanobiont (cyanobacteria)
where the mycobiont involves in chemical signaling and pro-
vides shape and structure, while the photobiont/cyanobiont
supply nutrient exchange, i.e., carbohydrates [1,2]. The taxon-
omy of lichens is defined based on mycobiont content since it
proportionally accounts for 95-98% and plays a crucial role in
the sexual reproduction of lichens. Lichens can be differentiated
from fungi based on its photobiont content [3].

o

Abstract

Lichen is a symbiotic form of a mycobiont and a pho-
tobiont or a cyanobiont. In the folk medicine of different
cultures, they are used to treat multiple conditions such
as wounds, skin disorders, respiratory and digestive prob-
lems, inflammation and its complications. Medicinal appli-
cations of lichens are documented in Ayurveda, Unani, and
Doctrine of Signature with the contribution of knowledge
from traditional medicinal practitioners. In Asia and Europe,
lichens are taken orally as a decoction to treat inflamma-
tion-related ailments. This review summarized the genera
of lichens used in traditional medicine of different cultures
across the world and also listed out the folk names of lichen
species that have anti-inflammatory activity. In addition,
the anti-inflammatory potential of lichen extracts and their
substances are also discussed.

Generally, the growing rate of lichens is found to be less than
1 cm/year, which is the lowest among the plant kingdom [3,4].
It is interesting to note that lichens are epiphytes as they syn-
thesize their food by photosynthesis using plants, asphalt, sand,
leaf litter, roof materials, rocks, and dead logs as substrates.
Mostly, lichens are deliberated as “pioneer” species and highly
persist in terrestrial environments and rarely in freshwater or
marine ecosystems [5]. As the lichens are generally termed as
bio-monitors, they are very less resistant towards pollution and
acid rains that contain high amounts of sulfur dioxide. Around
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20,000 lichens have been identified across the world so far,
containing mostly ascomycetes and basidiomycetes, and deu-
teromycetes to a much lesser extent. The thallus is an unique
characteristic of lichens, which is usually a multicellular struc-
ture categorizing into crustose, leprose, foliose, filamentous,
and fruticose [6].

Lichens are well-recognized for their medicinal applications.
The majority of lichens are used in the traditional medicines of
arctic and temperate areas and fewer in the tropics. About 60
genera of lichens are widely used in folk medicine by different
cultures worldwide. Among all, the Usnea genus is the most
widely used species [7]. As external agents, lichens have been
widely used for dressing wounds, stopping bleeding, and topi-
cally for sores and skin infections [8-10]. In the form of extracts
and decoction, lichens served to treat multiple ailments such
as asthma, backache, bronchitis, colds, cough, diarrhea, eye
infections, expel intestinal worms, fever, heartburn, inflamma-
tion associated with diabetes, intestinal problems, loss of ap-
petite, lung diseases, neuralgia, malaria, respiratory problems,
rheumatism, sickness, swelling, typhoid, vaginal discharge, etc
[10-16]. In this book chapter, the roles of lichens in traditional
medicine were discussed, followed by a discussion on the anti-
inflammatory effects of lichens’ extracts and compounds.

Phospholipid bilayer membrane

l Phospholipases
Arachidonic acid
Cyclooxygenases l l Lipoxygenases
Prostaglandin G, 5-hydroperoxyeicosatetraenoic acid

Prostaglandin H, Leukotriene A; —Leukotriene By -

o i Ei & Es ] NF-xB
Prostaglandin E; & E, Leukottiene C athrey
Cal_xses Prostaglandin F2a —
vasodilation Leukotriene D, Causes vasoconstriction
Prostaglandin I; & I, ‘ Regulates NF-kB pathway
Causes '
o “[ Thromboxane A, Leukotriene E,

Figure 1: Metabolic pathway of arachidonic acid.

Inflammation

Inflammation is characterized by the stimulation of the host’s
non-immune and immune cells in response to infections and/
or toxins in order to eradicate pathogens and stimulate tissue
healing and recovery [17]. Based on the degree and extent of
an inflammatory response, inflammation is classified into three
subtypes, namely acute, sub-acute, and chronic inflammation.
Acute inflammation is a short-term (1-3 days) illness or injury
characterized by loss of function, heat, pain, redness, and swell-
ing. Sub-acute inflammation can continue for 3-30 days, and if
not resolved within 30 days, it develops into chronic inflamma-
tion that lasts for several months or years and is linked to many
deadly diseases, such as allergies, cardiovascular diseases, can-
cer, diabetes, psoriasis, and rheumatoid arthritis [18].

Cytokines and autacoids play a key role in the inflammatory
responses. Cytokines such as Interferon y (INF-y), Tumor Necro-
sis Factor a (TNF-a), and Interleukins (IL), have a complex role
in inflammation [19,20]. Autacoids include eicosanoids (e.g.
Leukotrienes (LTs), Prostaglandins (PGs), Phospholipids (PLs),
Prostacyclins (PCs), and Thromboxanes (TXs)) and Platelet-Ac-

tivating Factors (PAFs) [21]. Eicosanoids are synthesized from
arachidonic acid (a 20-carbon polyunsaturated fatty acid) by
activated leukocytes, platelets, and mast cells that are distrib-
uted widely in the human body. Additionally, eicosanoids are
produced by bradykinin, TNF-a, and some hormones either in-
directly by an accumulation of intracellular levels of Ca**ions or
directly by activation of PLA2 that hydrolyzes arachidonic acid
[22]. An increase in Ca*? concentration is generally achieved by
cell membrane damage, while activation of PLA2 is metabolized
by two enzymatic pathways, such as Cyclooxygenase (COX) and
Lipoxygenase (LOX) pathways [23].

Arachidonic acid is oxygenated into cyclic endoperoxide
PGG2 in the presence of COX enzymes (prostaglandin-endoper-
oxide synthase), which is converted to the closely related PGH2.
Due to their unstable nature, these byproducts are further con-
verted into PGE1, PGE2, PGF2a, PGI1, and TXA2. Notably, PGE1,
PGE2, and PGI1 are strong arteriolar dilators that increase the
small-vein permeability, thereby enhance the effects of other
pain-provoking mediators such as histamine and bradykinin. PGs
and TXs can cause vasoconstriction and smooth muscle contrac-
tion, while TXA2 is an effective platelet-aggregating agent that is
involved in the formation of thrombus [24-26] (Figure 1). On the
other hand, LOX enzymes (5-LOX, 8-LOX, 12-LOX, and 15-LOX)
oxidize arachidonic acid into 5-hydroperoxy eicosatetraenoic
acid that, in turn, will be converted into leukotriene A4 (LTA4).
LTA4 stimulates LTB4, LTC4, LTD4, and LTE4 cascade. Activated
LTB4 binds to its receptors to activate phosphatidylinositol 3-ki-
nase and Nuclear Factor kappa B (NF-kB) pathway, while LTC4,
LTD4, and LTE4 bind to cysteinyl LT receptors, thereby regulate
the NF-kB pathway. Particularly, LTC4 activates p50-65 complex
by phosphorylating NF-kB p65 [27-29] (Figure 1).

Initially, Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
such as aspirin, diclofenac, ibuprofen, and naproxen are widely
used for inhibiting the COX-1/2 enzymes non-selectively [30].
These drugs, however, cause severe gastrointestinal problems.
Later, selective COX-2 inhibitors, namely celecoxib and rofecox-
ib, with fewer side effects, are commonly used to treat inflam-
mation and pain. Prolonged usage of selective COX-2 inhibitors,
unfortunately, brings cardiovascular problems [31]. On the oth-
er hand, certain anti-asthmatic drugs are used as potential LOX
inhibitors, such as marketed drugs, meclofenamate sodium,
and zileuton [32,33].

Anti-inflammatory potential of lichens

Lichens species used for inflammation in traditional medi-
cine

Lichen, in Greek “leprous,” refers to a drug that treats skin
diseases, especially skin peeling [34]. Since the 15 century, the
usage of several lichen species such as Usnea, Cladonia, Ever-
nia, Parmelia, Lobaria, Pertusaria, Peltigera, Rocella, Physica,
and Xanthoria was documented in Ayurveda, Western Medical
Herbalism, Traditional Chinese Medicine, Unani, Doctrine of Sig-
nature and Homeopathy. Remarkably, during the 18" dynasty
Evernia furfuracea (L.) Mann belongs to the Parmeliaceae family
was marketed as the first drug for treating microbial infections
[35]. During middle age, medicinal practitioners prominently
used lichens as herbs for inflammation, coughs, skin problems,
and rabies [36]. The folk names of different lichen species used
to treat inflammation-related conditions were listed in Table 1.

Inflammatory Bowel Disease



MedDocs eBooks

Table 1: The use of lichen species in traditional medicine for treating inflammation.

Species Folk name Culture (Location) Ref
Cladina rangiferina (L.) Nyl. Whapskumuk or epshatuk Whapmagoostui Cree (Quebec, Canada) [37]
Dendriscosticta wrightii (Tuck.) B. Moncada | Shén béi nitpi yé or Ido I6ng pi or kuan yé nitpi . X
. . Ancient China [7]
and Licking ye
Evernia mesomorpha Nyl. Bidn zhiyi Ancient China [7]
Laxpt or maga’hl Umatilla and Cayuse (Oregon, USA
Letharia vulpina (L.) Hue _ p . 4 . . y (Oreg ) [38]
Ol-gat’-i Yuki and Wailaki (CA, USA)
) . Gangge Tibet
Lethariella cladonioides (Nyl.) Kro 7,39
(Nv1) Krog Jin shua b3 Naki (China) [7,39]
Lethariella sinensis Wei and Jiang - Naki (China) [39]
Lobaria isidiosa (Mull. Arg.) Vain. Lao I6ng pi or shanhu ya fei y1 Ancient China [10]
X R Fei yT or dou yT or hda ma qi or nitipi ye or shi long . i
Lobaria pulmonaria (L.) Hoffm. _ o , Ancient China [10]
yi or shi léng pi
Lobaria sublaevis (Nyl.) Yoshim. Ya ping féi y1 or ldo 16ng pi Ancient China [7]
Masonhalea richardsonii (Hook.) Karnefelt Tlingit Tlingit (Alaska, USA) [40]
Ophioparma ventosa (L.) Norman Héng pan yi or shi shuang or chi xing yi Ancient China [7]
Parmelia omphalodes (L.) Ach. Crottle, crotal, dark crottle, or fiasgag nancreag Britain [41]
Urth Lépushé (Albania
Parmelioid lichens P ( ) [42,43]
Lucca Lucca (Italy)
Parmotrema nilgherrense (Nyl.) Hale Charila Ayurvedic medicine (India) [12]
Parmotrema saccatilobum (Taylor) Hale - Milne Bay (Papua New Guinea) [44]
Parmotrema subtinctorium (Zahlbr.) Hale Ya da yé méi or ya ranliao méi yi Ancient China [7]
. Da ye méi or bai shi hua or shi . i
Parmotrema tinctorum (Nyl.) Hale _ L . L, Ancient China [7]
Hua or méi y1 or shi yT or ha ma pi
Punctelia borreri (Sm.) Krog Fén ban xing dian méi or fén ban méi y1 Ancient China [7]
. . . Ying zhi shu hua or shu hua or shu xa or shi . . .
Ramalina conduplicans Vain. hu3cai Yi, Dai, and Han (s. Yunnan, China) [7]
uacai
Ramalina roesleri (Hochst.) Hue Rouci shu hua Ancient China [7]
Ramalina spp. Ach. Neynv or Bpuov Ancient Greece [45]
Roccella sp. Phykos thalassion or gnomeusilum Ancient Greece [7]
Stereocaulon paschale (L.) Hoffm. Wapskirnok Mistissini Cree (Quebec) [37]
Sulcaria sulcata (Lév.) Bystrek ex Brodo and
(Lév.) By Téuf3 g or gou shu fa Naki (China) 7]
D. Hawksw.
Xué di chd or taibai cha or shi bai cha or taibai
Thamnolia subuliformis (Ehrh.) W. Culb. _ L L Nakhi (nw Yunnan, China) [39]
zhén or bdi xué cha or xué cha
Thamnolia vermicularis (Sw.) Ach. ex De cha or taibai cha or shi bai cha or taibai zhén X .
. L o o Nakhi (nw Yunnan, China) [39]
Schaerer or taibai cai or bai xué cha or hui yang diyi
o Xido héi fu shi ér or héi qi y1 or héi shi ér zi or lie . i
Umbilicaria nanella Frey et Poelt o ., . Ancient China [7]
ye shi ér or pan xing shi ér
L i . L. Ancient China Criollos (Dry Chaco, Argen-
Usnea aciculifera Vain. Jian ci song lud Sajasta tina) [7,46]
Usnea barbata (L.) Weber ex F.H. Wigg. Tai angin Karo (Indonesia) [47]
Jido song lud or hong suf
Usnea ceratina Ach. I_ ,g " e Ancient China [7]
song lud
Usnea densirostra Taylor Yerba de la piedra, barba de piedra Argentina [48]
Usnea diffracta Vain. Hudn lié song lud or song jin téng or song lud Jianghua (China) [10]
Usnea florida (L.) F. H. Wigg. Hua song lué Ancient China [7]
Usnea longissima Ach. Jianmingyan Lisu (nw Yunnan, China) [49]
. Ni zhang song lud or da . .
Usnea pectinata Tayl. , . L , Ancient China [7]
péng cao or bichi song lué

Inflammatory Bowel Disease




MedDocs eBooks

Ushna or shaibat-al-ajooz (Unani medicne) Muslim culture (India)
Usnea spp. Dill. ex Adans. song lué or nii lué Ancient China [50-52]
Oak moss; tree moss Europe
Usnea subfloridana Stirt. Ya hua song lud Ancient China [7]
Clpi song lud or tianpéng cdo or bian héng . X
M _ . NI Ancient China
zhdang song lud or shu fa qi X
. . . . Pallars (Spain)
Usnea trichodeoides Vain. Liquen de bosc . . . [7,9,53,54]
L . .. Lukomir (Bosnia and Herzegovina)
Islandski lisaj, islandska mahovina; masina L
o Tripoli (Lebanon)
Tripoli
Varicellaria velata (Turner) Schmitt and L Lo . .
Bao béi ji piyT or shi xiang Ancient China [7]
Lumbsch
Xanthoparmelia conspersa (Ehrh. ex Ach.) Ubulembu belitye Xhosa (South Africa) (55,56]
Hale - Iroquois (Ontario, Canada) !
Xanthoparmelia convoluta (Kremp.) Hale - Khoikhoi (Namibia) [56]
Xanthoparmelia hottentotta (Ach.) A. Thell
P (Ach.) - Khoikhoi (Namibia) [56]
etal.
Tschétldat or nihaAd-d or céAd-d New Mexico
Xanthoparmelia spp. (Vain.) Hale Owa'’si or owa’huru’suki Navajo (Arizona) [7,57]
- Hopi (Arizona, USA)
Xanthoparmelia tinctina (Maheu and Gillet) NS i L e . .
Hal An fu hudng méi or an fu méiyi Ancient China [7]
ale

Lichens extracts tested for anti-inflammatory activity

Lichens have long been considered as valuable sources to
cure various conditions for humans and are also used as key in-
gredients in dyes and perfumes. Also, the medicinal properties
of lichens are well-documented in Ayurveda, Unani, and Doc-
trine of Signature. Based on this evidence, scientists screened
lichen extracts for various biological activities and determined
their potentiality to treat various ailments. The studies on the
anti-inflammatory potentiality of various lichen extracts are
listed in Table 2.

The extracts of Cladonia clathrate, Lobaria pulmonaria, and
Teloschistes flavicans were tested for anti-inflammatory activ-
ity using carrageenan-induced animal models [58-60]. The hy-
droalcoholic extract of C. clathrate was found to have significant
inhibition in both rat paw edema and mice peritonitis induced
by carrageenan [58]. Aqueous extract of L. pulmonaria showed
moderate activity in paw edema and granuloma models as
compared to standard drugs (nimesulide and indomethacin)
[59]. Extracts of T. flavicans, on the other hand, were reported
to have anti-edematogenic activity in the rat paw edema model
but not effective on subchronic inflammation models [60].

Ingolfsdottir group (1994 & 1996) investigated the COX and
5-LOX inhibitory capacity of different extracts from Cetraria
islandica and Stereocaulon alpinum and found that phenolic

Table 2: Lichen extracts with anti-inflammatory activities.

rich extract of S. alpinum has potent inhibition on both COX
and 5-LOX, while petrolium ether and methanol extracts of C.
islandica were selectively active against LOX enzymes [61,62].
The studies of COX inhibition of various extracts of Gyrophora
exculenta presented their prominent inhibitory effects on PGH2
synthase [63].

Our group, over several years, has tested extracts of Dirinaria
consimilis, Graphis ajarekarii, and Roccella montagnei against
rat paw edema induced by formalin at two different doses. At
both doses, the acetone extract of D. consimilis was reported
to have more reduction in paw edema than chloroform ex-
tract of that species [64]. Hydroalcoholic extract of G. ajarek-
arii showed prominent activity than ethyl acetate extract from
the same species [65]. On the other hand, acetone extract of
R. montagnei was noticed to have a noticeable reduction in rat
paw edema than standard [66]. Additionally, the investigation
of extracts of D. consimilis and G. ajarekarii against protein de-
naturation found that only ethyl acetate and acetone extracts of
both species were more active than chloroform and methanol
extracts [67].

Also, other research group has investigated the anti-inflam-
matory activity of hydroalcoholic extract of Usnea barbata and
Usnea hirta and revealed the equivalent activity of these ex-
tracts compared to that of the standard drugs phenylbutazone
and hydrocortisone hemisuccinate [68].

Lichen Extract(s)

Bioassay

Pharmacological activity Ref

Cladonia clathrata Hydroalcoholic extract

Carrageenan-induced rat paw
edema and peritonitis in mice

Significant activity in both bioassays. [58]

Petroleum ether, methanol

Cetraria islandica
and water extracts

5-LOX and COX inhibitory assay

Petroleum ether and methanol extracts exhibited
pronounced activity in the 5-LOX assay and no activity [61]
on COX up to 50 pg/ml.

Chloroform and acetone
extracts

Dirinaria consimilis
edema

Formalin-induced rat paw

Acetone extract showed more reduction in paw edema

64
than chloroform extract. [64]

Dirinaria consimilis Chloroform, ethyl acetate, ac-

and Ramalina leiodea etone and methanol extracts

Protein denaturation

Ethyl acetate and acetone extracts of both species
showed a prominent inhibitory profile against protein [67]
denaturation.
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Ethyl acetate hydroalcoholic

Graphis ajarekarii
extract

paw edema

Protein denaturation and
formalin-induced albino rat [65]

In both bioassays, the hydroalcoholic extract showed
prominent activity than ethyl acetate extract.

Methylene chloride, ethyl ace-

Gyrophora exculenta
yrop tate, and n-butanol extracts

vesicle)

COX activity (seminal sheep

A prominent inhibitory effect on COX activity of pros-

63
taglandin H, synthase. [63]

Lobaria pulmonaria Aqueous extract

granuloma

Carrageenan-induced paw
edema, and cotton pellet

At tested doses, the aqueous extract of L. pulmonaria
showed moderate activity compared to standard in [59]
both assays.

Formalin-induced rat paw

A prominent reduction in rat paw edema was ob-

Roccella montagnei Acetone extract [66]
edema served.
. o Phenolic containing extract of S. alpinum showed
Stereocaulon alpinum - 5-LOX and COX inhibitory assay . [62]
potent activity on 5-LOX and COX.
Usnea barbata and . . . The anti-inflammatory activity of both extracts was
Hydroalcoholic extract Anti-inflammatory activity [68]

Usnea hirta

comparable with the standard.

Diethyl ether, chloroform, and
acetone extract

Teloschistes flavicans

Carrageenan-induced rat paw
edema and cotton pellet in-
duced granulomatous lesion

The ethereal, chloroform and acetone extracts have
anti-edematogenic activity but not effective on [60]
subchronic inflammation.

Lichen active substances against inflammation

Lichens produce unique substances, which may help them to
survive in extreme environments. By using mevalonate, acetyl-
polymalonate, and shikimic acid pathways, lichens produce a
diverse range of secondary metabolites, which are termed as
“Lichen substances”. All lichen substances are produced by my-
cobiont and accumulated in the hyphae, cortex or medullary
layer to protect them from pathogens and external abiotic fac-
tors [59].

The systemic study of the chemistry of lichens and their
substances was initiated in 1907 by a German scientist, Fried-
rich Wilhelm Zopf [69]. Later, several scientists applied chro-
matography techniques towards the lichen, which resulted in
the isolation and elucidation of about 1050 unique substances
[70]. Biosynthetically, lichen substances were divided into two
groups: Primary (intracellular) and secondary (extracellular)
metabolites. The primary metabolites include proteins, amino
acids, carotenoids, polysaccharides, and vitamins found in the
protoplasts and cell walls [69,71], while the secondary metabo-
lites include phenolic compounds, terpenes, alkaloids. Chemi-
cally, lichen substances are categorized into two classes (a)
aliphatic substances that contain mononuclear phenolic com-
pounds, aliphatic and phenolic acids, and zeorin analogs and
(b) aromatic substances that include depsides, depsidones,
diketopiperazines, dibenzofurans, pulvic acids, quinones, and

xanthones [59].
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Figure 2: Chemical structure of lichen substances reported to
have anti-inflammatory properties.

Lichen secondary metabolites exhibit antimicrobial [72,73],
anti-tubercular [72], antioxidant [66], anti-inflammatory [74],
fibrinolytic [65], cytotoxic [75], and antidiabetic [76] properties
and could be used as sources of pharmaceutical chemicals. Li-
chen substances with anti-inflammatory activity are presented
in Table 3, and their chemical structures are represented in
Figure 2 and Table 4. Several groups investigated the potential-
ity of nearly 70 lichen substances against inflammation using
protein denaturation, carrageen-induced models, immune en-
zyme assays, as well as COX, 5-LOX, LTB4 biosynthesis, and PG
biosynthesis inhibitory activities [61,66,74,77-82]. Ingdlfsdottir
and colleagues (1996 & 1997) tested two depsides (atranorin &
baeomycesic acid) and a depsidone (lobaric acid) against 5-LOX
and COX inhibitory assays and found that lobaric acid was ac-
tive, while atranorin was inactive on both enzymes [62,81]. On
the other hand, baeomycesic acid was specifically active against
5-LOX [81]. This group has also investigated the 5-LOX inhibitory
property of (+)-protolichesterinic acid isolated from Cetraria is-
landica and revealed its dose-dependent inhibitory effects [61].
Sankawa group (1982) tested forty commercially available dep-
sides and depsidones for their ability to inhibit PG biosynthe-
sis using rabbit renal microsomes and reported that depside,
4-O-methylcryptochlorophaeic acid, was the most active one
[78]. Additionally, the kinetic studies of this depside revealed its
function as a competitive inhibitor of PG biosynthesis [77]. Lat-
er, seven lichen substances were isolated from Parmelia species
and tested for LT B4 biosynthesis inhibitory activity [80]. Among
those, only atranorin, diffractaic acid (+)-protolichesterinic acid
showed significant inhibition of LT B4 biosynthesis in polymor-
phonuclear leukocytes, while other compounds were found
to be either weak or inactive [80]. Gissurarson group (1997)
isolated lobaric acid from Stereocaulon alpinum, evaluated its
enzyme immunoassay using cysteinyl-LT and reported its effec-
tiveness at 5.5 uM dose [82].

Tatipamula group isolated about fifteen lichen substances
from Dirinaria consimilis [74], Graphis ajarekarii [65], Roccella
montagnei [66], and Ramalina leiodea [83] and tested for pro-
tein denaturation inhibitory activity. All the tested metabolites
showed moderate inhibitory activity against albumin protein
denaturation with IC_  values ranging from 330-950 pug/mL as
compared to the standard drug, indomethacin [65,74,84]. This
group has also compared the potency of atranorin (a depside)
with ribenone (a diterpene) in the formalin-induced albino rat
paw edema model and found that atranorin showed prominent
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activity than ribenone [65]. The anti-inflammatory potency of
atranorin has also been tested by another group in carrageen-
an-induced rat models, which showed significant activity in paw
edema, as well as leukocyte migration in rats as compared to
standard [79].

Table 3: Lichen substances that possess anti-inflammatory activity.

Lichen substance Source Bioassay Pharmacological activity Ref
+)-Protolichesterinic acid
) Cetraria islandica 5-LOX inhibitory assay Dose-dependent inhibitory effects [61]
PG biosynthesis inhibitor 4-O-methylcryptochlorophaeic acid was
Forty depsides and depsidones - Y v Y .yp P L [77,78]
assay the most active and competitive inhibitor.
Antarvediside A-B, sekikaic acid, atranorin, Dirinaria consi- Protein denaturation Moderately active as compared to (74]
divaricatic acid and 2’-O-methyl divaricatic acid milis inhibitory assay indomethacin
. It showed significant inhibitory effect on
. . . Carrageenan-induced rat .
Atranorin Cladina kalbii del carrageenan-induced rat paw edema and [79]
models
leukocyte migration.
. Lobaric acid: IC,; values of 7.3 (5-LOX)
i . Stereocaulon alpi- B
Atranorin and lobaric acid 5-LOX and COX assays and 29.2 (COX) uM [62]
num
Atranorin: Inactive on both enzymes
Protein denaturation as-
. . L " o In both bioassays, atranorin showed
Atranorin and ribenone Graphis ajarekarii say and formalin-induced K . X [65]
prominent activity than ribenone
rat paw oedema
Atranorin, diffractaic acid, (+)-protolichesterinic | Parmelia nepalen-
X (+)-p . . P . LT B4 biosynthesis inhibi- Only atranorin, diffractaic acid, and
acid, ethyl hematommate, (+)-usnic acid, meth- | sis and Parmelia . L . [80]
X . . tory assay (+)-protolichesterinic acid were active.
yl B-orcinolcarboxylate and gyrophoric acid tinctorum
. X Thamnolia subuli- | 5-LOX and COX inhibitory | The IC o value 8.3 uM on 5-LOX and inac-
Baeomycesic acid X . S [81]
formis assays tive on COX
Divarinolmonomethylether, ethyl divaricati-
nate, divarinol, orcinol, methyl 2,6-dihydroxy- Roccella montag- @ Protein denaturation Moderately active as compared to in- (66]
4-methylbenzoate, haematommic acid, atranol, nei inhibitory assay domethacin
ethyl haematommate and ethyl orsellinate
The ED__ of 5.5 uM on cysteinyl-leukot-
L Stereocaulon . . som
Lobaric acid Ioi Enzyme immunoassay riene formation in the smooth muscle [82]
alpinum
P taenia coli from guinea pigs.
Methyl 2,6-dihydroxy-4-methyl benzoate, hae- X . Protein denaturation Moderate active compared to indo-
S Ramalina leiodea o ) [83]
matommic acid and ethyl haematommate inhibitory assay methacin

Table 4: Mononuclear phenolic compounds from lichens possessing anti-inflammatory activity.

R,

R, R,
R R;
Lichen substance R, R, R, R, R,
2,4-Dihydroxy-6-pentylbenzoic acid COOH OH H OH H n-CH,,
2,4-Dimethoxy-6-pentylbenzoic acid COOH Me H Me H n-CH,,
2-Hydroxy-4-methoxy-6-pentylb i

.y roxy-4-methoxy-6-pentylbenzoic COOH OH H Me N nCH
acid s
2-Hydroxy-6-pentylbenzoic acid COOH OH H H H n-CH,,
Atranol Me H OH CHO OH H
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Divarinol n-CH, H OH H OH H
Divarinolmonomethylether OH H OH H OMe H
Ethyl divaricatinate n-CH, COOC H, OH H OMe H
Ethyl haematommate Me COOC H, OH CHO OH H
Ethyl orsellinate Me COOC H, OH H OH H
Haematommic acid Me COOH OH CHO OH H
Methyl-2,6-dihydroxy-4-methylbenzoate Me H OH COOMe OH H
Methyl-B-orcinolcarboxylate COOMe OH CHO OH H Me
Orcinol Me H OH H OH H
Conclusions 13.  O’Neill AR, Badola HK, Dhyani PP, Rana SK. Integrating ethnobio-
logical knowledge into biodiversity conservation in the Eastern
The inflammation process, though a self-limiting process, Himalayas. J. Ethnobiol. Ethnomed. 2017; 13: 21.
can become chronic and can further lead to several other se- . _ o o
vere inflammatory conditions such as cancer, atherosclerosis, 1% Singh H, 'f'“sa'” T Ag“'hOt_”. P Pa”d? PC, Igbal M. Biodiversity
Alzheimer’s, and rheumatoid arthritis. This review provided an conservation through tradmgnal beliefs SyStem'.A case study
. . . .. . from Kumaon Himalayas, India. Int. J. Conserv. Sci. 2012; 3: 33-
overview on the effectiveness of lichens on anti-inflammation 40
based on the current knowledge on traditional medicine as well '
as pharmacological studies. However, the available studies on  15.  Chandler RF, Leighton AL. Wild plant use by the woods Cree (Ni-
this topic remain limited, which require a thorough chemical hithawak) of East-Central Saskatchewan. Anthropologica. 1988;
and pharmacological investigation of anti-inflammatory agents 30: 219.
from ||che'ns. Th? currfent reVI'eW pr_OV'fjes an overVIeW.on the 16.  Black PL, Arnason JT, Cuerrier A. Medicinal plants used by the
topic to aid the investigators in designing and performing fur- Inuit of Qikigtaaluk (Baffin Island, Nunavut). Botany. 2008; 86:
ther pharmacological studies on lichens to fill these gaps. 157-163.
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