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Summary

Symptoms of inflammation accompany a number of diseases. In order to mitigate them, folk medicine 
has used a variety of medicinal substances, including herbs and mushrooms. Lichens are less known 
organisms, containing specific secondary metabolites with interesting biological properties. One of their 
biological actions is the anti-inflammatory activity that has been confirmed by in vitro and animal stud-
ies. It has been proven that compounds and extracts from lichens inhibit the enzymes involved in the 
inflammatory process. The following paper is a review of research on the little-known anti-inflammatory 
properties of lichens.
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INTRODUCTION

Inflammation, a defense mechanism which aims at 
repairing damage caused in the body, accompanies 
a number of diseases. In case of inflammation, bio-
chemical changes leading to redness, swelling, itch-
ing, pain, and increased temperature occur [1]. These 
symptoms are an easy-to-spot signal of impairment 
of normal functioning of the body and the disruption 
of existing homeostasis. Controlling, among others, 

the operation of enzymes that regulate the forma-
tion of pro-inflammatory cytokines and interleukins, 
which play an important role in the development of 
inflammation, fever or pain, may be beneficial. To 
improve health, traditional medicine has made use 
of natural resources for a long time. The plants have 
been used the most frequently, however, the substanc-
es obtained from fungi and animals have also been 
of significance. Lichens are an interesting taxonomic 
group; the organisms composed of cells of algae and 
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fungi producing specific compounds, rare among the 
substances of natural origin, belong to this group. 
Their various biological properties include antimi-
crobial activity, known for a long time, as well as, 
researched in recent years, antioxidant and antitu-
mor properties, resulting in inhibiting enzymes, an-
tidiabetic, analgesic and anti-inflammatory activities 
[2, 3]. The following paper is a review of the research 
on the little-known anti-inflammatory properties of 
lichens, drawing attention to the diversity of lichen 
substances, and effect of the individual compounds 
and extracts, whose inhibitory effect on the inflam-
matory processes was confirmed in vitro and in vivo. 

The following electronic English databases were 
searched: PubMed, Scopus and Google Scholar from 
1974 up to 2017. The publications have been searched 
by the title and abstract using the following search 
terms: anti-inflammatory activity, interleukin, cyclo-
oxygenase, lichens metabolites, lichens constituents. 
For the selection of the manuscripts, two indepen-
dent investigators (ESS and AD) assessed all the titles 
and abstracts. 

Anti-inflammatory activity of secondary meta-
bolites  

Depsides and depsidones are an interesting group 
of secondary lichen metabolites. The basis of their 
anatomy are two or more molecules of hydroxyben-
zoic acids linked by an ester linkage. Depsidones, in 
which there is also an ether linkage that differentiates 
both molecules, are compounds typical for lichen. 
The available literature data suggest that atranorin 
(fig. 1), depside present in thalli of different species of 
lichen, has anti-inflammatory properties [4]. Bugni et 
al. [5] studied the effect of a cyclooxygenase inhibitor. 
The obtained results indicate that tested depside in-
hibited cyclooxygenase-1 (COX-1) in a dose-depen-
dent manner and at the concentration of 17 µg/ml 
(45 µM) caused a decrease in enzyme activity by 50%. 
The ability to block cyclooxygenase-2 (COX-2) was 
lower, and at the same concentration range, atrano-
rin inhibited the enzyme activity by 40%. In this case, 
there was no dose-dependent enzyme – atranorin 
relation. The reference substance was acetylsalicylic 
acid, which, at the concentration of 50 µM, inhibit-
ed COX-1 (59%) and COX-2 (42%) [5]. The results 
of other studies indicate that atranorin, by inhibit-
ing 5-LOX, inhibited the biosynthesis of leukotriene 
B4 (LTB4) in polymorphonuclear cells of bovine 

leukocytes (IC50 6 µM) as well, which suggests anti-
inflammatory properties of the compound [6]. In-
gólfsdóttir et al. [7] found, however, that the degree 
of the inhibition of 5-lipoxygenase (5-LOX) (from 
porcine leukocytes) was not significant for atranorin. 
In a test on cyclooxygenase (microsomes from sheep 
seminal vesicles), the tested depside proved to be in-
active [7]. The anti-inflammatory activity of atrano-
rin was also determined in experiments on animals. 
The substance was administered orally to three tested 
groups (at doses of 50, 100, and 200 mg/kg) one hour 
before the administration of 1% solution of carra-
geenan to the right hind paw of the rats. The positive 
control was acetylsalicylic acid (300 mg/kg p.o.). The 
results, read three hours after the carrageenan injec-
tion, showed that atranorin administered at a dose of 
100 mg/kg decreased the inflammation by 29.3% and 
at 200 mg/kg by 32.9%; acetylsalicylic acid was char-
acterized by stronger activity (76.4%). In the follow-
ing part of the experiment, the influence of atranorin 
(50, 100 and 200 mg/kg) on the leukocyte migration 
induced in mice by intraperitoneal administration of 
carrageenan (500 µg/peritoneal cavity) was assessed. 
Four hours after the inclusion of a substance inducing 
inflammation, the inhibition rate was 31.9%, 35.9%, 
and 42.5%, respectively. The reference substance was 
dexamethasone injected subcutaneously (2 mg/kg); it 
inhibited the migration of leukocytes at the site of in-
flammation by 92.2%. The results proved  the anti-in-
flammatory properties of atranorin. Moreover, it was 
stated that the depside is a safe compound, since the 
experiment conducted in rats showed no symptoms 
of sub-acute (50 mg/kg/day for 30 days) and acute 
(5 g/kg) toxicity [8].

Another depside produced by certain species of li-
chens, whose anti-inflammatory properties were eval-
uated in animal experiments, is lecanoric acid (fig. 1). 
The compound applied intraperitoneally (50 mg/kg) 
decreased the carrageenan-induced rat paw edema. 
The effects of depside activity were similar, irrespec-
tive of whether they were assessed after three or five 
hours, and swelling decreased sequentially by 24.7% 
and 25.0% (acetylsalicylic acid reduced the swell-
ing by 39.3% and 35.4%, respectively). The research 
showed low toxicity of lecanoric acid as at 200 mg/kg 
after intravenous administration to mice showed no 
toxicity [9].

The anti-inflammatory effect of diffractic acid (fig. 
1) was evaluated by testing its ability to inhibit the ac-
tivity of 5-LOX (from bovine polymorphonuclear leu-
kocytes). The test results showed that the compound, 
at the low concentration already (IC50 7.6 µM), result-
ed in the inhibition of LTB4 biosynthesis, leukotriene 

Depsides and depsidones
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produced during inflammation. The same authors 
reported the ability to inhibit 5-LOX (isolated from 
bovine polymorphonuclear leukocytes) by barbatic 
acid. The results of the experiment show the strong 
inhibitory effect of the metabolite on the biosynthesis 
of LTB4 (IC50 7.8 µM), which confirms its interesting 
properties [10].

One of the older studies reports the high activity of 
inhibiting the biosynthesis of prostaglandins in the rab-
bit kidney microsomes by the following depsides: 4-O- 
methylcryptochlorophaeic and merochlorophaeic ac-
ids (fig. 1) (0.34 μΜ and 0.43 μΜ, respectively) [11].
Also the ability of a depsidone – lobaric acid (fig. 2) to 
inhibit 5-LOX (isolated from porcine leukocytes) and 
cyclooxygenase (isolated from microsomes of sheep 
seminal vesicles) was assessed. The compound 

diffractic acid

barbatic acid

merochlorophaeic acid

4-O-methylcryptochlorophaeic acid

perlatolic acid

imbricaric acid

evernic acid

Figure 1.  
Structural formulas of depsides

atranorin

lecanoric acid

olivetoric acid

exhibited dose-dependent effects on lipoxygen-
ase activity, determined by measuring the amount 
of produced 5-hydroxy-6,8,11,14-eicosatetraenoic 
acid (5-HETE) (IC50 7.3 µM). The impact on the cy-
clooxygenase activity was assessed by measuring the 
reduction in the production of prostaglandin E2, and 
the examined effect of the compound was described 
by the authors as insignificant (IC50 29.2 µM) [7].
Determining the impact of lichen substances on mi-
crosomal prostaglandin E2-1 synthase (mPGES-1) 
was the aim of the subsequent experiments. The 
purpose of this enzyme is to catalyze the conver-
sion of prostaglandin E2 (PGE2) from prostaglandin 
H2 (PGH2); the mechanism of the inhibition of the 
enzyme activity was proposed as a strategy for treat-
ment of pain, inflammation, and certain cancers [12]. 
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Figure 3.  
Structural formula of methyl β-orcinol carboxylate

lobaric acid

physodic acid

fumarprotocetraric acid

salazinic acid

variolaric acid

Figure 2.  
Structural formulas of depsidones

The results of the study showed that a depsidone – 
physodic acid (fig. 2) and the following despsides: 
perlatoic and olivetoric acids (fig. 1), significantly in-
hibited the enzyme (IC50 0.43 µM, 0.4 µM, 1.15 µM, 
respectively), stronger than the substance used as a 
reference – MK-886 compound (IC50 2.4 µM). This 
indicates the strong effect of the tested lichen sub-
stances, similar only to curcumin (IC50 0.3 µM) ex-
hibiting the strongest activity among the plant com-
pounds and stronger than other tested to date natural 
substances. Another tested compounds in the study: 
salazinic acid (a depsidone with lactone moiety) 
(fig. 2) and evernic acid (a depside) (fig. 1) exhib-
ited a mild ability to inhibit synthase (60.8±10.7% 
and 53.9±2.7% at the concentration of 10 µM, re-
spectively), while fumarprotocetraric acid and scen-
sidine (depsidones), variolaric acid (a depsidone with 
lactone moiety) (fig. 2), and methyl β-orcinol carbox-
ylate (fig. 3) affected the enzyme activity to a small 
extent or showed no enzyme activity at all. The same 
study found moderate (IC50 >30 µM) properties of 
physodic, perlatolic, and olivetoric acids to inhibit the 
activity of COX-1 and their lack of influence on the 
activity of COX-2 [13].

A dozen or so of lichen substances of different 
chemical structure have been evaluated in vitro for 
their ability to inhibit enzymes involved in inflamma-
tory processes (mPGES-1 and 5-LOX) and the acti-
vation of nuclear transcription factor (NF-κB). The 
results showed that among the tested compounds the 
following depsides: imbricaric and perlatolic acids, 
exhibit interesting activity (fig. 1). The analysis of the 
results confirmed that both compounds have a high 
anti-inflammatory potential as compared with those 
applied in reference substances research (imbricaric 
acid: mPGES-1 IC50 1.9 µM, 5-LOX IC50 5.3 µM, NF-
κB IC50 2.0 µM; perlatolic acid: mPGES-1 IC50 0.4 µM, 
5-LOX IC50 of 1.8 µM, NF-κB IC50 7.0 µM; MK886: 
mPGES-1 IC50 2.3 µM; zileuton: 5-LOX in poly-
morphonuclear leukocytes IC50 0.5 µM, 5-LOX 
IC50 0.7 µM; parthenolide: NF-κB IC50 1.5 µM). The 
authors of the study suggest that the inhibition of 
both enzymes (mPGES-1 and 5-LOX) provides a po-
tentially more effective anti-inflammatory effect [14].
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Usnic acid

Usnic acid (fig. 4) is a compound of the dibenzofu-
ran structure, present in many lichen species, that 
exists in the form of two enantiomers: (+) and (-); 
the difference is the location of the methyl group in 
the molecule (fig. 1). The metabolite, known for its 
antibacterial activity for a long time, is subject to 
numerous experiments which objective is the dis-
covery of more and more aspects of the biological 
activity [15]. One line of the work is to study the 
anti-inflammatory activity of the compound, as pre-
sented by Huang et al. [16]. The results indicate that 
the properties of tested substance may be related to 
its effects on the production of inflammatory me-
diators. Usnic acid (at non-toxic to cells concentra-
tions of 1.5 and 10 µg/ml) incubated with stimulated 
with lipopolysaccharide (10 ng/ml) mouse macro-
phage RAW264.7 cell line, decreased the secretion 
of TNF-α, IL-1β, IL-6 and NO (24 h incubation), as 
compared with control. The concentration of IL-1, 
tested in the supernatant of the cell culture under 
usnic acid treatment, was similar to that measured 
after activation of dexamethasone (0.5 µm/ml). It 
was also shown that tested compound, by inhibit-
ing the activation of nuclear transcription factor 
NF-κB, may inhibit the expression of genes encod-
ing proteins that control the inflammatory response 
(IL-1β, TNF-α, NO, iNOS, and COX-2). Usnic acid 
(10 µg/ml) also has the effect on the expression level 
of heme oxygenase-1 (HO-1) [16]. The results of 
other studies proved that (+)-usnic acid inhibited 
the synthesis of LTB4 (IC50 42 µM) produced dur-
ing inflammation [6]. The subsequent experiments 
showed that the compound administered orally (25, 
50 and 100 mg/kg) inhibited the rat paw edema. At 
the highest dose, it worked comparably with ibupro-
fen (100 mg/kg) and the paw edema measured in 
ml was 0.55 for the tested substance and 0.47 for the 
reference substance [17]. The next study where usn-
ic acid was tested as an anti-infammatory factor was 
conducted by Su et al. [18]. Authors noted that us-
nic acid attenuated inflammatory responses of acute 
lung injury in mice induced by lipopolysaccharide. 
It was proven that usnic acid lowered the expression 
of pro-inflammatory cytokines including tumor 
necrosis factor alpha (TNF-α), interleukin-6 (IL-6) 
but also anti-inflammatory interleukin-8 (IL-8) and 
macrophage inflammatory protein-2 (MIP-2) and 
improved level of anti-inflammatory cytokine in the 
bronchoalveolar lavage fluid [18].

Aliphatic compounds

Substances having aliphatic structure are another, 
after the molecules of aromatic structure, group of 
lichen compounds. The (+)-protolichestrinic acid 
(fig. 5) has α-methylene-γ-butyrolactone structure. 
In the conducted study, the impact of the activity of 
5-LOX was assessed and its ability to inhibit both por-
cine and bovine enzyme was observed. The obtained 
IC50 value – 20 μM and 9 μM, respectively for each 
of the tested lipoxygenases, indicated a significant 
anti-inflammatory potential of the tested acid [6].

Figure 4. 
Structural formulas of usnic acids

(+)-usnic acid

(-)-usnic acid

Figure 5. 
Structural formula of protolichestrinic acid

Polysaccharides

The published studies have shown that some lichen 
polysaccharides demonstrate the anti-inflammatory 
effect due to alteration of the production levels of 
various cytokines by macrophages [19]. Omars-
dottir et al. [20] examined the influence the lichen 
polysaccharides (Pc-1, Pc-2, Pc-3 and Pc-4, isolated 
from Peltigera canina) on cytokine production by 
rat peritoneal macrophages and rat spleen cells. The 
obtained  results show that polysaccharides induced 
IL-10 secretion by rat spleen cells but not by peri-
toneal macrophages (IL-10 is an anti-inflammatory 
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cytokine, which inhibits the synthesis of some pro-
inflammatory cytokines). However, the examined 
polysaccharides induced peritoneal macrophages 
to induce TNF-α secretion (the proinflammatory 
cytokine) [20]. In the next study it was demon-
strated that galactofumaromannans (Ths-4, Ths-5) 
and β-glucan (Ths-2) from Thamnolia vermicularis 
var. subuliformis induced rat spleen cells to secrete 
IL-10 at significantly higher levels than the back-
ground. This effect was not observed in the case of 
peritoneal macrophages [21].

Anti-inflammatory activity of extracts

Many published studies have described the biologi-
cal activity of extracts obtained from thalli of vari-
ous species of lichens [22]. The chemical nature of 
lichen secondary metabolites causes the tested ex-
tracts are generally prepared using solvents of low 
or medium polarity (hexane, ether, acetone, and 
methanol), while the aqueous extracts are tested 
much less frequently. The published studies on the 
anti-inflammatory activity of lichen were obtained 
in in vitro and in vivo experiments and concern dif-
ferent species of lichenized fungi. 

The anti-inflammatory properties of Pseudever-
nia furfuracea, a foliose lichen of Parmeliaceae fam-
ily, were checked in the carrageenan test. For the 
study the methanolic extract from powered thalli of 
lichen was prepared. The extract evaporated in vac-
uum was fractioned using dichloromethane, ethyl 
acetate and butanol saturated with water. After oral 
administration of the prepared extracts to mice at a 
dose of 100 mg/kg, the right hind paw was injected 
with the carrageenan extract (0.5 mg/25 μl). The 
resulting paw edema was measured every 90 min-
utes for six hours after the test substance adminis-
tration. The results showed that the methanol ex-
tract reduced swelling in proportion to the elapsed 
time (14.6-27.5%). Indomethacin (10 mg/kg), used 
as the reference substance, inhibited inflammation 
by about 40%. Other extracts tested parallelly with 
P. furfuracea showed no activity. There was also no 
negative effect of the methanol extract on the gastric 
mucosa [23].

Other authors studied the anti-inflammatory ac-
tivity of 17 species of lichens growing in the Alps. 
The conducted preliminary tests estimated the effect 
of the ethanol extracts on mPGES-1, 5-LOX (iso-
lated and in polymorphonuclear leukocytes), and 
on the activity of the nuclear transcription factor 
(NF-κB) in stimulated with tumor necrosis factor 

(TNF-α) human kidney HEK-293 cells. The ob-
tained results showed that the extract of a lichen Ce-
trelia monachorum, belonging to the Parmeliaceae 
family, has the strongest activity among the tested 
species. The phytochemical analysis of ethanol ex-
tract from C. monachorum, meant to obtain three 
depsides (atranorin, imbricaric acid and perlatolic 
acid – the contents in the extract of imbricaric acid 
and perlatolic acid were determined to be 15.22% 
and 9.10%, respectively), and eight monoaromatic 
derivatives (ethyl haematommate, methylbetaorcin-
olcarboxylate, ethyl-4-O-methylolivetolcarboxylate, 
ethyl olivetolate, olivetolmonomethylether, olive-
tol and divarinol). The results of biological inves-
tigations revealed a dose-dependent reduction in 
the level of PGE2 at relatively low concentrations 
(IC50 2.0 μg/ml) by ethanol extract of C. monach-
oum. In both trials of the inhibition of 5-LOX (both  
isolated and in the cells), obtained IC50 values were 
1.4 μg/ml and 1.3 μg/ml. In addition, the extract 
also reduced the transactivation activity of NF-κB 
(IC50 2.6 μg/ml), indicating a potential importance 
of the anti-inflammatory activity of the tested ex-
tract [14].

The anti-inflammatory properties of Parmotrema 
reticulatum lichen were evaluated in different ani-
mal models, using the extracts of petroleum ether, 
acetone, and ethanol. The phytochemical results 
showed the presence of steroidal constituents in the 
ether extract; glycosides and terpenoids in the acetone 
extract; in the ethanol extract glycosides and flavo-
noids were detected. The presence of usnic acid was 
confirmed by HPLC analysis only in acetone extract 
(0.46% w/w). One study was to collect newly formed 
granular tissue on a cotton pellet, previously placed 
in the cut of the lumbar spine of a mouse. Eight 
groups of rats (the control group, the reference group 
administered with indomethacin 10 mg/kg, and the 
groups receiving 200 or 300 mg/kg of each of the 
extract, respectively) took part in the experiment. 
After eight days the pellet was removed, cleaned of 
granular tissue and weighed. The obtained results 
revealed that the best anti-inflammatory properties 
exhibited the acetone extract at a dose of 200 mg/kg 
(the weight of produced tissue was  the lowest in 
comparison to all groups and was 5.3 mg, 73% less 
than the control). Indomethacin worked slightly 
lower (5.8 mg, 70.5% of the inhibition). The ether 
extract showed the lowest anti-inflammatory ac-
tivity (produced mass of tissue – 13.1 mg, 33.5% 
of the inhibition). Additional studies were run in 
other models. The use of xylene on the outside and 
the inside of the right ear of mice showed that the 



62 E. Studzińska-Sroka, A. Dubino

ethanol extract at the concentration of 300 mg/kg 
exhibited the best performance (swollen ear weight 
was 3.8 mg, 66% less than the control). The acetone 
extract at the concentration of 200 mg/kg (mass of 
swollen ear was 4.1 mg, 63.3% of the inhibition) was 
characterized by potent anti-inflammatory proper-
ties. The ether extract worked the weakest (8.7 mg, 
the inhibition by 22.3% and 7.9 mg, 29.4% of the 
inhibition). The studies were also carried out apply-
ing the carrageenan test. The extracts of petroleum 
ether, acetone, and ethanol, each at doses of 200 and 
300 mg/kg, were administered orally to animals, one 
hour before the administration of 1% solution of 
carrageenan to the rear paw of rats. The paw volume 
was assessed in 30-minute intervals after administration 
of the substance inducing inflammation. The results 
confirmed the anti-inflammatory activity of the ace-
tone extracts (200 mg/kg) and ethanol (300 mg/kg), 
120 minutes after the injection of carrageenan. The 
use of the extracts reduced paw edema in compari-
son to the control by 56.7% and 59.3% (57.6% for 
indomethacin). In the following study on the anti-
inflammatory activity, it was assessed after subplan-
tar injection of 0.1 ml of a solution of histamine 
at the concentration of 0.001 mg/ml into the right 
hind paw of the mouse and oral administration of 
the studied extracts (petroleum ether, acetone, and 
ethanol – each at doses of 200 and 300 mg/kg). 
The extracts of acetone (200 mg/kg) and ethanol 
(300 mg/kg) showed the highest percentage of the 
inhibition of inflammation measured after 120 min-
utes; they were  50.4% and 52.8%, respectively. The 
reference substance (indomethacin, used at the 
concentration of 10 mg/kg) reduced swelling by 
67.2%. In another study in mice, the influence of the 
tested extracts (200 and 300 mg/kg p.o.) on leuko-
cyte migration induced by intraperitoneal injection 
of a solution of 1.5% CMC-Na+ (375 mg/kg) was 
assessed. After four hours the liquid was collected 
from the peritoneal cavity and the number of leu-
kocytes was rated. The results indicated that the 
level of leukocytes was lower due to the usage of the 
ethanol and acetone extracts at the concentration 
of 300 mg/kg (58.35 x 104 of leucocytes, the inhi-
bition by 66.20% and 67.62 x 104 of leucocytes, the 
inhibition by 60.83%, respectively). Dexamethasone 
(20 mg/kg) reduced the number of leukocytes by 
71.89% (48.52 x 104 of leukocytes) [24].

CONCLUSION

The analysis of the collected results shows a great 

therapeutic potential of the lichen extracts and 
metabolites. The literature data proved the anti-
inflammatory activity of tested until now extracts 
from P. furfuracea, C. monachorum and P. reticu-
latum. The compounds of a depside, depsidone, 
dibenzofuran and polysaccharide structure were 
characterized by the significant anti-inflammatory 
activity, resulting, among others, from the ability 
to inhibit enzymes involved in the course of in-
flammation including cyclooxygenase, lipoxygen-
ase, and prostaglandin synthase. The biological 
lichen properties, observed in numerous experi-
ments, conducted at different research centers and 
performed using various methods, allow for the 
conclusion that these underestimated so far organ-
isms are an attractive material for further work, the 
results of which may be useful in the production of 
various preparations.
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Streszczenie

Objawy zapalenia towarzyszą wielu jednostkom chorobowym. W celu ich łagodzenia medycyna ludowa 
wykorzystuje różnorodne substancje lecznicze, w tym zioła i grzyby.  Porosty stanowią grupę organizmów 
mniej znanych, lecz zawierających specyficzne metabolity wtórne o ciekawych właściwościach biologicznych. 
Jednym z kierunków działania porostów, potwierdzonym badaniami w warunkach in vitro i na zwierzętach, 
jest aktywność przeciwzapalna. Dowiedziono, że związki i wyciągi z porostów działają m.in. poprzez 
hamowanie enzymów uczestniczących w przebiegu procesu zapalnego. Artykuł stanowi przegląd badań 
nad mało znanymi przeciwzapalnymi właściwościami porostów.

Słowa kluczowe: związki porostowe, wyciągi porostowe, aktywność biologiczna
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