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LichenTypes

Illustrations by K. Beigel
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Lichens aresymbioticorganisms

Symbiosis ia close, londerm, and persistent interaction
between two or more different biological species.

These relationships are vital for survival.

Lichen
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External morphology :

Foliose lichens Crustose lichens Fruticose lichens

Histological structure:

Cortex

Algal layer

Homoilomerous Heteromerous
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Lichenssurvivein diverseand nutrient-poor environments.

Lichens typically grow in ecological niches with limited
resources, Rocky surfaces, tree bark, and exposed to harsh UV
exposure.

Photosynthesizing algaand fungiwork in symphony to survive.
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Photosynthetic sugars feed Fungal metabolism to produce Lichen Metabolite

Protection

The biological exchange in chemistry is closely relatedlié¢dense mechanisms,
niche competition, seHprotective abilities, and adaptive evolution.
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Fruiting body of sac fungus

structure

Spore-like —‘
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Antimicrobial compounds in lichens:

- Prevent microbial colonization and
competition.

- Inhibit the growth of bacteria, fungi, and
other microorganisms.

- Reduce competition from other
microorganisms, enhancing survival
capabllities, facilitating habitation, and
reproduction.

- Some antimicrobial compounds also

serve to protect their photosynthetic
partners from UV radiation.
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Lic

nens used In Traditional Medicine

A Lic

nens are used In traditional medicine by cultures across the wol

particularly in temperate and arctic regions. Knowledge of these
medicinal uses Is available to us because of the contributions of
traditional knowledge holders in these cultures.

A In ancient times, wounded soldiers and patients were known to pre
lichen into their wounds to help the healing process. Many Europe:
cultures have used lichen for curative decoctions.

A Anti-microbial properties of Lichen Metabolites explain the
effectiveness ipreventing pathogenesis and infection.
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LICHEN METABOLITES

Unique Molecules only found in Lichen.

Potent bioactivity.

Molecules stimulated by its harsh
environmental conditions.

Specific UV screening properties.

Antimicrobial properties.
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The chemical diversity and substantial biological activity of
lichens present great potential for the development of novel
antimicrobial applications.

Lichens produce a wide array of structurally unigue secondary
metabolites, demonstrating high efficacy against bacterial,
fungal, and viral pathogens.

This chemical diversity may provide new avenues for drug
development and the discovery of natural antimicrobial agents.

BiolLichen CosmosPreserve™ | Europelabg’




Lichen - HO O O on

Metabolites In
CladoniaSp. OH O

(+)-(R)-Usnic Acid (-)-(S)-Usnic Acid

BioLichen CosmosPreserve™ | Europelal%



Figure 1. Chemical structure of Atranorin (molecular weight [Mw], 374.34).
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Lichen Metabolite Biological Activity:

- Antl-microbial - Anti- Cancer many

- Anti-oxidant - Neurotrophic

- Wound- healing - Anti-neurodegenerative

- Photoprotective - Anxiolytic/Antidepressant
- Reduces ROS stress - Anti-viral

- Cytoprotective - Anti-parasitic

- Anti-inflammatory - Antl-infective

- AntiF-Age (mTOR signaling & - Anti-biofilm
anti-glycating*
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Recent Publications in Scientific Journal&tranorin

Atranorin from lichens act as potential inhibitor for cervical tumor proteiitsFbetand kinase enzyme CDK4/CyclinD3: An &
cancer intervention therapy. (2025)

Atranorinis a novel potential candidate drug for treating myelodysplastic syndrome. (2024)

Atranorin inhibits NLRP3 inflammasome activation by targeting ASC and protects NLRP3 inflamitiagemeiseases. (2023)
Atranorin driven by nano materials SPION lead to ferroptosis of gastric cancer stem cells by weakening the mRNA 5
hydroxymethylcytidine modification of th&c/GPX4 axis and its expression. (2022)

Atranorin Impedes Glioma Invasiveness and Progression by Inhibiting the EpilMesahchymal Transition and Stemness in
Monotherapy and in Combination Therapy With Temozolomide. (2026)

Atranorin, an antimicrobial metabolite from lichdParmotremarampoddenseexhibited invitro antibreast cancer activity
through interaction with Akt activity. (2021)

Atranorin, a Secondary Metabolite of Lichens, Exhibited Anxiolytic/Antidepressant Activity in Wistar Rats. (2022)

LY #A0NR YR AY { Af A OMranfrit alzkSalSzinid\@dras Potedi&l Bnfioxifladt YAnibatagrial dand
Anticancer Agents. (2023)

Effects ofatranorin on the proliferation, apoptosis and metastasis of two different gastric cancer cell lines and exploring
underlying mechanisms. (2026)

Murine breast carcinoma 4T1 cells are more sensitive to atranorin than normal epittEliaVGceells invitro: Anticancer and
hepatoprotective effects ohtranorinin vivo. (2016)

Redox properties and cytoprotective actionsatrfanorin, a lichen secondary metabolite. (2011)

Evaluation of wound healing activity afranorin, a lichen secondary metabolite, on rodents. (2013)
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Recent Publications in Scientific Journals G NI V2 NAY [ 2V

The Comprehensive RolesATRANORINA Secondary Metabolite from the Antarctic Liclg&rreocaulon
caespitosumin HCC Tumorigenesis. (2019)

Usnicacid andatranorin exert selective cytostatic and antivasive effects on human prostate and melanoma cancer
cells. (2017)

Targeting Ferroptosis with Small Molec#lganorin (ATR) as a Novel Therapeutic Strategy and Providing New Insig|
into the Treatment of Breast Cancer. (2024)

Bioassayguided evaluation of wound healing effectatfanorinin rodents. (2011)

Antiglycatingand Antioxidant Properties dtranorin Isolated from Liche&Cladoniarangiferina (2025*

The lichen secondary metaboliggranorin suppresses lung cancer cell motility and tumorigenesis. (2017)
Biochemical Properties @&tranorin-iInduced Behavioral and Systematic Changes of Laboratory Rats. (2022)
Anti-inflammatory and toxicity studies @ftranorin extracted fromCladinakalbii Ahti in rodents. (2011)

Depsides: lichen metabolites active against hepatitis C virus. (2015)

Antimicrobial and antibiofilm activity of secondary metabolites of lichens against methietistant Staphylococcus
aureus strains from cystic fibrosis patients. (2013)

Bioactive Compounds and Their Influence on Postnatal Neurogenesis. (2023)

Cladonidichens and their major metabolites as possible natural antioxidant, antimicrobial and anticancer agents.
(2014)
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Recent Publications in Scientific Journagl§Jsnicacid

Usnicacidalleviates pulmonary fibrosis in vitro and in vivo by inhibiting the ZMR&@iatedWntk *catenin signaling
pathway. (2025)

UsnicAcidinduces duapathway apoptosis in SK&\ovarian cancer cells via PARP1 inhibition and MAPK pathway
activation. (2025)

Usnicacidsuppresses inflammation and endoplasmic reticulum stress in a methotréxadieed pulmonary toxicity
model via modulating Nrf2 pathway. (2025)

Usnicacidalleviates inflammatory responses and induces apoptotic signaling through inhibitifig.@&dpressions in
human oral carcinoma cells. (2024)

Usnicacidinduced changes in biomolecules and their association with apoptosis in squamous carcirdBid ¢alls: A
flow cytometry, FTIR and DLS spectroscopic study. (2022)

UsnicAcid-Loaded Polymeric Micelles: An OptinlvigrastaticActing Formulation in Human S¥5Y Neuroblastoma
Cells. (2022)

Usnicacidimpacts energy production and iron metabolism in Mycobacterium tuberculosis H37Rv. (2025)
Usnicacidbrief exposure suppresses cariogenic properties and complexity of Streptococcus mutans biofilms. (2025
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Recent Publications in Scientific Journgl&lsnicc OA R / 2 y i QI

Anti-Inflammatory Effects ofJsnicAcidin Breast Cancer. (2026)

Antibacterial, antibiofilm, and antioxidant impactsugnicacidagainst vancomycinesistant enterococcus. (2024)
Nanocomposite gel containingsnicacid Characterization and evaluation of the antibacterial efficacy on Staphylococt
epidermidis. (2025)

ElectrospurNanofibrous Mesh Based on PVA, Chitosan,dsmcAcidfor Applications in Wound Healing. (2023)
UsnicAcidextendshealthspamand improves the neurodegeneration diseases via mTORAPsignaling pathway in
Caenorhabditi€legangroundworm) (2022*

Supertooffor Superbugs { Y I NJi -ointmenyd® GraphendJsnicAcidb I y 2 LJF N A Of Saé¢ | 3 Ay a
(AMRSs). (2023)

Enhanced woundhealing capability with inherent antimicrobial activitiesusiicacidA y O2 N1J2 N} 0 SR LJ2 f
caprolactone)/decellularized extracellular matrix nanofibrous scaffold. (2022)

Multifaceted Properties obtJsnicAcidin Disrupting Cancer Hallmarks. (2024)

Critical Assessment of the Adtitiflammatory Potential oUsnicAcidand Its Derivative® Review. (2023)

Effects of the DibenzofuratlsnicAcid, on Inhibition of Ocular Biofilm Formation Due to Coaguldsgative
Staphylococci. (2023)

Unassuming Lichens: Nature's Hidden Antimicrobial Warriors. (2025)

BioLichen CosmosPreserve™ | Europelal%




Publicationsin Scientific Journalg Fumarprotocetraricacid

FumarprotocetraricAcid Inhibits Tau Covalently, Avoiding Cytotoxicity of Aggregates in Cells).(2021

Fumarprotocetraricacidand geraniin were identified as novel inhibitors of human respiratory syncytial virus infection
vitro. (2029

Expectorant and antioxidant activities of purifiedmarprotocetraricacidfrom Cladoniaverticillarislichen in mice. (2014
In vitro neuroprotective potential of lichen metabolifemarprotocetraricacidvia intracellular redox modulation. (2017

Links forEffects ofFfumarprotocetraricAcid, a Depsidone from the Lich&riadoniaverticillaris on Tyrosinase Activity.
(2017

Antimicrobial and antibiofilm activity of secondary metabolites of lichens against methiethistant Staphylococcus
aureus strains from cystic fibrosis patients. (2013)
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Table 1.1 Literature sources mentioning data for some lichen substances with different pharma-

ceutical activity

Lichen compounds

Studied activities

References

Lecanoric acid

Antitumor, antioxidant,
antibacterial, antifungal,
antidiabetic, anticancer,
anti-inflammatory

Gomes et al. (2003), Lopes et al. (2008),
Rankowvié et al. (2008), Honda et al.
i(2010), Bogo et al. (2010}, Choudhary
etal. (2011), Ristié et al. (2016b),
Studzinska-Sroka and Dubino (201 8)

Afranorin

Antimicrobial,
antioxidant, anti-
inflammatory, anticancer,
antineurodegenerative,
antidiabetic

Kumar and Muller ( 1999), Yilmaz et al.
(2004), Turk et al. (2006), Rankovié et al.
(2008, 2014), Melo et al. (2011), Reddy
et al. (2016), Thadhani and Kamnaratne
(2017, Studzinska-Sroka and Dubino
(2018)

Zeorin

Antioxidant, antibacterial,
antifungal, antidiabetic

Behera et al. (2008), Kosanié et al. (20107,
Karunaratne et al. (2014)

Gyrophoric acid

Antimicrobial, anticancer,
antioxidant, antidiabetic

Candan et al. (2006), Rankovié et al.
i(2008), Burlando et al. (2009, Choudhary
etal. (2011), Kosanié et al. (2014a, b)

Protocetraric acid

Antibacterial, antifungal,
antioxidant, anticancer

Tay et al. (2004), Rankovié et al. (2008),
Honda et al. (2010), Manojlovié et al.
(2012)

Fumarprotocetraric acid

Antibacterial, antfungal,
antioxidant, anticancer,
neuroprotective

Yilmaz et al. (2004), Rankovié et al.
(2008), Kosani¢ et al. (2014a, b),
Fernandez-Moriano et al. (2017)

Stictic acid

Antioxidant,
antimicrobial, anticancer

Lohézic-Le Dévéhat et al. (2007),
Rankovic et al. (2008)

Salazinic acid

Antitumor, antibacterial,
antifungal, antioxidant,
antidiabetic, antiviral

Candan et al. (2007), Burdando et al.
(2009), Manojlovi¢ et al. (2012), Verma
et al. (2012), Odabasoglu et al. (2006)

Usnic acid

BioLichen CosmosPreserve™ | Europelal%

Antiviral, antitumor,
antioxidant, antibacteral,
antifungal, antipyretic,
analgetic, ant-
inflammatory,
hepatotoxic, antiviral,
antidiabetic

Lauterwein et al. ( 19935), Tay et al. (2004),
Rankovié et al. (2008, 2014), Paudel et al.
(2010), Perry et al. (1999), Odabasoglu
etal. (2006), Bazin et al. (2008), Budando
et al. (2009), Ramos and Almeidada Silva
(2010), Vermaetal. (2012), Thadhani and
Karunaratne (2017}, Vijayakumar et al.
(2000), Okuyama et al. {1995)




UsnicAcid mechanisms of antimicrobial action

A Inhibition of RNA, DNA, and Protein synthesis.

A Disruption of the stability ofell membranes

A Reprogramming HomeostagjifRedox, lipid synthesis, nucleic acid regair

altering metabolic state.

A Inhibition/ disruption of bacteriabiofilm.

A Inhibition of the Efflux pump protein (Membrane drug resistant protease

activity).
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Gram-negative Gram-positive
bacteria bacteria

f( Usnic acid 4+ ( JPAntibitocs W

(c) Inhibition of the efflux

Y —— vy , pumps
l VAN ‘U’:‘ l// (N - : \<(/ L/ 5 4
Synergistic Effect *®e PBP2a
\ e € t
, RoRh v BN EE (3 " n:x:)
(a) Inhibition of DNA/RNA/protein  |—— ¢ —_ @
. ‘ ' synthesis € }3
‘ Usnic acid Peptidog!
| Aminoglycoside Tetracycling Polypeptices ADP+Pi ;.posy:gmye:‘:
. | ATP
€ o \F’ \
\‘,‘ protein ~ " (b) Membrane disruption o
‘e P v
oM
o f' ROST TCA Fatty acids

\(iy(‘:y ' & biosynthesis

(e) Suppression of virulence factors
expression

(d) Metabolic reprogramming

(f) Inhibition and disruption of biofilm formation

Figure 2. Schematic diagram of the diverse antibacterial mechanisms of usnic acid: (a) inhibition of nucleic acid and protein synthesis; (b)
enhancement of cell membrane permeability and (c) suppression of efflux pump activity, thereby promoting drug accumulation; (d) disruption of
metabolic pathways leading to disturbance of fatty acid metabolism, peptidoglycan biosynthesis, and oxidative stress; (e) suppression of virulence
factor expression; (f) inhibition and disruption of biofilm formation.
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COSMOSPRESERVE

Triethyl citrate

Cladonia stellaris

Cladonia rangiferina

INCI Triethyl Citrate, Cladonia(RangiferinaStellaris)Extract.
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Characteristics of CosmosPreserve

Appearance Transparent yellow liquid
INCI Name Triethyl Citrate, Cladonia (Rangiferina/Stellaris)
Extract
Recommended 0.75-4%
Dosage
pH Range 3-7.0
Analytical Assay Usnic Acid isomers > 4.0 mg/g, Atranorin > 0.2
(HPLC) mg/g, Fumarprotocetraric acid 0.2 mg/g.
- In emulsion: Preferably applied during the
cooldown phase <45°C.
Application Guide - In cold emulsion: Preferably applied in the lipid
phase.
- In surfactant system: Applied in the final step.
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Lichen Metabolite structures in Cladonia spp.

0
O
DrieG
OH O
O
"OL Usnic acid Isomers O _OH
0 ‘\‘5 ,‘.,o CH3 0 O
\6 CHy O ""’L" /L“ocn
: 0 3 = 3
/ " 7/, (':“) IJ> J‘ /[‘\_ _L (&) e
wo-/ ‘;}/4:\' j "I o IH OH OH
\t ) | N ,](
,\»‘\\. / '\‘0 /\~\//‘1_ HO E \OH .
0 SO, [
V\}) (‘)" " X 41‘\: :o o‘// \H -~
Fumarprotocetraric acid Atranorin Perlatolic acid
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Preservative Effectiveness Testing Results

Formula at pH < 6.5 Formula pH >6.5
AEffective at 0.75%- 1.5% AEffective at 1.5% & higher
A Broad-spectrum effect ABroad-spectrum effect
APasses all AET protocols APassesall AETprotocols

AFormulation dependent AFormulation dependent

Biolichen CosmosPreserve™ | Europela]f;g"



Typical standard formulations tested for AET

Water, Stearic Acid, Palmitic Acid, Water, MCT oilSunflowerseeail,

CoceCaprylate GlycerineCetyl Glyceryl CitrateCetylAlcohol,
Alcohol, Glyceryl Stearate, Linoleic Xanthan gum, Tocopherol.
Acid, Linolenic Acid, Sodium

Hydroxide, Citric Acid, Tocopherol. + CosmosPreserve

+ CosmosPreserve
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Preservative Effectiveness Testing
pH 5.5 & dosage 1% osmosPreserve

. . P S. C. A.

Strain E. coli . . R
aeruginosa aureus albicans brasiliensis

Inoglﬂum 4.5x10° 4.5x10° 4.5x10° 3.0x10° 3.0 x10°
(10%)
g b 50 <10 <10 <10 10
Reduction 305 ~4.65 ~4.65 ~4 A8 A48
(log)
CFU Day <10 <10 <10 <10 <10
14
Reduction 165 165 ~1.65 ~4.48 ~4.48
(log)
CFU Day <10 <10 =10 <10 <10
28
Reduction 465 165 ~4.65 ~4 A8 ~4.48
(log)
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Preservative Effectiveness Testing
S5¥%osmosPreserve

PH 6.5 & dosage 1.

. . S. C. A.

Strain E. coli ) ) e .
aeruginosa aureus albicans brasiliensis

Inoculum 5 5 s 5 5
(105) 45x10 4.5x10 4.5x10° 3.0 x10° 3.0 x10
g' FU Day 400 80 <10 30 20
Reduction 3.05 375 ~4.65 4.00 4.18
(log)
SU Day <10 <10 <10 <10 <10
Reduction ~4.65 ~4.65 ~4.65 ~4.48 ~4.48
(log)
SSFU Day <10 <10 <10 <10 <10
Reduction ~4.65 ~4.65 ~4.65 >4.48 ~4.48
(log)
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COSMOSPRESERVFOMPONENTS WORK SYNERGISTIC

AThe composition of TEC and dissolved metabolites
collectively affects the antimicrobial load.

AUsnic acid & Atranorin, and other trace lichen metabolites
work together.

AEfficacy is dosedependent and will depend on the finapH.
ATypical dose 12% pH 5 to 6.5
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AntrInflammatory effects of
Usnicacid & Atranorin

Literature Review




Atranorin inhibits NLRP3 inflammasome activation by
targeting ASC and protects NLRP3 inflammasome-driven
diseases

Hao-yu Wang'“, Xi Lin?, Guan-gen Huang®?, Rong Zhou?, Shu-yue Lei', Jing Ren*”, Kai-rong Zhang”*, Chun-lan Feng~,
Yan-wei Wu™” and Wei Tang'*~

Aberrant NLRP3 activation has been implicated in the pathogenesis of numerous inflammation-associated diseases. However, no
small molecular inhibitor that directly targets NLRP3 inflammasome has been approved so far. In this study, we show that Atranorin
(CisH,504), the secondary metabolites of lichen family, effectively prevents NLRP3 inflammasome activation in macrophages and
dendritic cells. Mechanistically, Atranorin inhibits NLRP3 activation induced cytokine secretion and cell pyroptosis through binding
to ASC protein directly and therefore restraining ASC oligomerization. The pharmacological effect of Atranorin is evaluated in
NLRP3 inflammasome-driven disease models. Atranorin lowers serum IL-1p and IL-18 levels in LPS induced mice acute
inflammation model. Also, Atranorin protects against MSU crystal induced mice gouty arthritis model and lowers ankle IL-1 level,
Moreover, Atranorin ameliorates intestinal inflammation and epithelial barrier dysfunction in D55 induced mice ulcerative colitis
and inhibits NLRP3 inflammasome activation in colon. Altogether, our study identifies Atranorin as a novel NLRP3 inhibitor that
targets ASC protein and highlights the potential therapeutic effects of Atranorin in NLRP3 inflammasome-driven diseases including
acute inflammation, gouty arthritis and ulcerative colitis.

Keywords: Atranorin; NLRP3; inflammasome; ASC; acute inflammation; gouty arthritis; colitis
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Evaluation of wound healing activity of
atranorin, a lichen secondary metabolite, on
rodents

Rosana S. S. Barreto,” Ricardo L. C. Albuquerque-Jinior,>"
Rose Nely Pereira-Filho,’ Jullyana S. S. Quintans,’ André S.
Barreto,” Josimari M. DeSantana,” Valter J. Santana-Filho,’
Marcio R. V. Santos,” Leonardo R. Bonjardim,’ Adriano A. S.
Araiijo,” Lucindo J. Quintans-Jiinior™

!Departamento de Fisiologia, Universidade Federal de Sergipe, Brazil,
‘Departamento de Fisioterapia, Universidade Federal de Sergipe, Brazil,
‘Instituto de Tecnologia e Pesquisa, Universidade Tiradentes, Brazil.

Abstract: The aim of this study was to investigate the wound healing activity of
atranorin cream (Patent requested) on excision wounds. Seventy-two male rats were
anesthetized and an excisional wound was performed. Then the rats were randomly
assigned into three groups: untreated control group: atranorin 1 (group treated with
1% AT ointment); and atranorin 5 (group treated with 5% AT ointment). Six animals
of each group were euthanized 3. 7. 14 or 21 days after surgical procedures and the
wounded areas were analyzed and removed. Serial histological sections were obtained
and stained by histochemical techniques (Hematoxilin-Eosin-HEand Sirius red) and
immunochistochemical techniques. Topical application of atranorin reduced wound
areas, induced earlier granulation tissue formation, increased cell proliferation,
improved collagenization and modulated the myofibroblasts differentiation when
compared to control animals. It is suggested that atranorin modulates the wound
healing process. These data suggest that this formulation based on atranorin exfracted
from Cladina kalbii AHTI may be a new biotechnological product for wound healing
clinical applications.

Biolichen CosmosPreserve™ | Europelalgg‘




In Vitro and in Silico Studies of Lichen Compounds
Atranorin and Salazinic Acid as Potential Antioxidant,
Antibacterial and Anticancer Agents

Subhash B. Gaikwad,® " Sachin V. Mapari,®" Ruchira R. Sutar,”" Muntjeeb Syed,”

Roshni Khare,® and Bhaskar C. Behera*®

Lichens are symbiotic organisms made up of alga/cyanobacterium
and fungus. We investigated antioxidant, antibacterial and anti-
cancer properties of two lichen compounds, atranorin and salazinic
acid, and five lichen species: Heterodermia boryi, Heterodermia
diademata, Heterodermia hypocaesia, Parmotrema reticulatum, and
Stereocaulon foliolosum. Free radical scavenging, Ferric reducing
potential, Nitric oxide scavenging, and Trolox equivalent capacity
were used to measure antioxidant activity. Strong radical scaveng-
ing action was demonstrated by atranorin and salazinic acid, with
IC;, values of 3931 uM and 12.14 uM, respectively. The Minimum
Inhibitory Concentration (MIC) assay based on resazurin, was used
to measure antibacterial activity. Parmotrema reticulatum demon-

strated significant antibacterial activity against Raoultella planticola
with MIC of 7.8 ng/mL. Cytotoxicity assay on breast cancer cell line
was used to assess anticancer activity. To further understand the
binding locations on the target proteins Er (Estrogen Receptor
alpha), EGFR (Epidermal Growth Factor Receptor), mTOR (Mamma-
lian Target of Rapamycin), and PgR (Progesterone Receptor),
molecular docking experiments were conducted. Docking study
showed that the binding energies of atranorin and salazinic acid
with mTOR were —5.31 kcal/mol and —3.43 kcal/mol, respectively.

The results suggest that atranorin has the potential to be a
multitargeted molecule with natural antioxidant, antibacterial, and

anticancer pruperties.|
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Redox properties and cytoprotective actions of atranorin,
a lichen secondary metabolite

Marcelia Garcez Doria Melo®, Joao Paulo Almeida dos Santos®, Mairim Russo Serafini®?,
Fernanda Freitas Caregnato®, Matheus Augusto de Bittencourt Pasquali®, Thallita Kelly Rabelo ?,
Ricardo Fagundes da Rocha®, Lucindo Quintans Jr.?, Adriano Antunes de Souza Aratijo?,
Francilene Amaral da Silva?, José Claudio Fonseca Moreira®, Daniel Pens Gelain *

? Departamento de Fisiologia, Universidade Federal de Sergipe, Sio Cristovdo, Sergipe, Brazil
bCentro de Estudos em Estresse Oxidativo, Departamento de Bioguimica, Instituto de Ciéncias Bdsicas da Saiide, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil

ARTICLE INFO ABSTRACT
Article history: Atranorin (ATR) is a lichenic secondary metabolite with potential uses in pharmacology. Antinociceptive
Received 6 October 2010 and antiinflammatory actions have been reported, and the use of atranorin-enriched lichen extracts in

Accepted 17 November 2010

- : folk medicine is widespread. Nonetheless, very few data on ATR biological actions are available. Here,
Available online 25 November 2010

we evaluated free radical scavenging activities and antioxidant potential of ATR using various in vitro
assays for scavenging activity against hydroxyl radicals, hydrogen peroxide, superoxide radicals, and
nitric oxide. The total reactive antioxidant potential (TRAP) and total antioxidant reactivity (TAR) indexes
Lichen metabolites and in vitro lipoperoxidation were also evaluated. Besides, we determined the cytoprotective effect of ATR
Eree radicals on H;03-challenged SH-SY5Y cells by the MTT assay. ATR exerts differential effects towards reactive spe-
Cytotoxicity cies production, enhancing hydrogen peroxide and nitric oxide production and acting as a superoxide
Oxidative stress scavenger; no activity toward hydroxyl radical production/scavenging was observed. Besides, TRAP/
TAR analysis indicated that atranorin acts as a general antioxidant, although it demonstrated to enhance
peroxyl radical-induced lipoperoxidation in vitro. ATR was not cytotoxic, and also protected SH-SY5Y cells
against H,0,-induced cell viability impairment. Our results suggest that ATR has a relevant redox-active
action, acting as a pro-oxidant or antioxidant agent depending on the radical. Also, it will exert cytopro-
tective effects on cells under oxidative stress induced by H50-.

Keywords:
Atranorin

Biolichen CosmosPreserve™ | Europela]f;g‘




2.1. Anti-Inflammatory Effects

Inflammation is the body’s response to foreign antigens or tissue damage that may
result in loss of tissue structure and function.

Different acute doses of usnic acid can reduce swelling in rat foot induced by car-
rageenan in acute and chronic inflammation rat models and the alleviating effects are dose
dependent. However, this phenomenon was significantly reduced only at 100 mg;’ kg
usnic acid [18]. Similar to nonsteroidal anti-inflammatory drugs, usnic acid has an anti-
inflammatory mechanism that may inhibit prostaglandin synthesis. Further studies showed
that different concentrations of usnic acid and self-microemulsion of usnic acid can reduce
tumor necrosis factor-alpha (TNF-at) induced by heat-killed Escherichia coli (EC) at varying
degrees with a dose—effect relationship [55].

Usnic acid reduces TNF-c level in a dose-dependent manner and inhibits NO produc-
tion in lipopolysaccharide (LPS)-activated RAW264.7 macrophages [59]. It can inhibit the
expression of TNF-a and inducible nitric oxide synthase (iNOS), possibly by inhibiting
the nuclear translocation of NF-kB p65 and the degradation of I-kBa and ultimately exerts
anti-inflammatory effects. A study [60] explored the anti-inflammatory effects and corre-
sponding mechanisms of usnic acid on RAW264.7 cells stimulated by LPS and found that
usnic acid plays an anti-inflammatory role by inhibiting the activation of NF-kB, increasing
the production of IL-10 and HO-1, and downregulating the expression of iNOS, IL-6, IL-1p,
TNF-«, and COX-2 genes.

Moreover, usnic acid has a neuroprotective effect on Parkinson’s disease (PD), affecting
motor dysfunction in a 1-methyl-4-phenyl-1,2,3 6-tetrahy dropyridine (MPTP)-induced PD
model [61]. The simultaneous administration of MPTP and usnic acid can attenuate
MPTP-induced motor dysfunction in a time-dependent manner. Although usnic acid
cannot prevent 1-methyl-4-phenyl-pyridine ion (MPP™)-induced primary neuronal death by
blocking the activation of NF-kB to reduce the activation of astrocytes, usnic acid can inhibit
the inflammatory signaling pathway induced by MPP™ and protect dopaminergic neurons.
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Table 1. Anti-inflammatory activities and mechanism of usnic acid.

Model Mechanism or Effect Concentration Year  References
- Reduce the swelling of rat foot induced by
mﬂiﬁﬁﬁﬁgﬂ gmnyﬁel - carrageenan in dose dependent. Only effect at 25 mg/kg, 50 mg,/ kg, 100 mg/kg, p.o. 2000 [18]
100 mg/ kg,
Inhibit the express of TNF-a and iNOS,
. . ) possibly through suppression of nuclear
Lipopolysaccharide (LP5) translocation of NF-xB p65 and I-kBa 0.5-400 uM; 2008 [59]
A s degradation; Inhibit LPS-induced TNF- ICs0: 47 M (TNF-a), 12.8 uM (NO) :
rophages ; P
accumulation and NO production in a
dose-dependent manner.
Down-regulating iNOS, COX-2, IL-1B, IL-6 and
Lipopolysaccharide (LPS) TNF-ex, COX-2 gene expression through the
activated RAW264.7 suppression of NE-kB activation and increasing 10 pg/mL, 50 pg/ml and 100 pg/mL 2011 [60]
macrophages anti-inflammatory cytokine 1L-10 and
anti-inflammatory mediator HO-1 production.
oomethyl 4 phenyb L2368 Inhibit MPP*-induced glial activation in 5 or 25 mg/ kg dissolved in phosphate
: ycropyrcine ( . P) primary astrocytes by blocking buffered saline (PBS) containing 5% 2020 [61]
induced Parkinson’s disease FoiB activat T 80 (3
model in Male C57BL.//6 mice xB activation. ween-80 (ip.)
. Tau Ffmif]rf derived Inhibit 1-The aggre gahqu !:rf Ful]—lengﬂ:m mfm tau 10 uM 2020 [62] *
exapeptide AcPHF6 model protein by a heparin-induced mechanism.
Human neuroblastoma Exert no significant hepatotoxicity, showed low
SK-N-SH cell line (SH-SY5Y) hepatotoxicity at 40 M. 10-40 uM 2020 [62]”
Human hepatocyte cells Exert no significant hepatotoxicity, showed low .
(LO2) cells hepatotoxicity at 40 yM. 10-40 uM 2020 [62]
Reduce NO release n
Murine microglial BV2 cells Lipopolysaccharide-stimulated mouse 1040 uM 2020 [62] *
microglia BV2 cells.
Adult male SD rats Enhance the cognitive ability of okadiac acid 5 mg/kg, 10 mg/ kg 2020 [62] *

induced AD model rats.
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