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Abstract

Lichens are used since antiquity for multiple therapeutic purposes, treating infections, fever, convulsions, and wounds. This
study was designed to evaluate the antioxidant and anti-inflammatory effects of the lichen Parmotrema hypotropa (NYL.)
Hale. The total phenolics and flavonoids content were determined in ethanol extract; the antioxidant activity was assessed by
different chemical assays DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)), B-carotene-linoleic acid, reducing power, and Cupric reducing antioxidant capacity (CUPRAC). The lichen extract was
further tested in vitro, for its anti-inflammatory effect through the bovine serum albumin denaturation assay; also the
inflammatory response was investigated on the LPS-stimulated human keratinocyte cell line (HaCaT) by measuring
intercellular ROS (Reactive Oxygen Species) and TNF-o (Tumor necrosis factor-alpha) production; the amount of usnic acid
in the extract was determined by High-Performance Liquid Chromatography (HPLC). The results showed that the tested
extract contained high levels of total phenolics than flavonoids, and had an antioxidant effect; it prevented the protein
denaturation in a dose-dependent manner, also reduced the intracellular ROS and TNF-a production by HaCaT cells.
Furthermore, it did not affect the viability of HaCaT cells; the extract contained small amounts of usnic acid. Based on the
different findings, P.hypotropa can constitute a potential source of bioactive compounds with antioxidant and anti-
inflammatory effects.

Keywords: Lichen; Parmotrema hypotropa; antioxidant activity; anti-inflammatory effect; HaCaT cells; usnic acid.

haemolytic, antitussive have been determined [6,7].
Usnic acid is one of the most studied secondary
metabolites which is produced by the mycobiont and

1. Introduction
Lichens are symbiotic organisms associating fungi
with algae or cyanobacteria. They are considered

among the earliest settler of terrene habitats [1].
Lichens can grow on different types of surfaces
including rocks, inside bark of woody plants, on soil,
mosses, and other surfaces like plastics, glass, and
metals [2]. Some lichens are edible and they are
prepared in salads, dishes, soups, and used as food
flavor enhancers [3]. They are also the source of
many products used in cosmetics and perfumery
industries [4,5]. The importance of these organisms
and the great interest they have aroused in recent
years is related to their ability to synthesize various
secondary metabolites of medical interest; more than
1000 metabolites of extreme originality, exerting a
wide variety of biological activities such as
antimicrobial, anti-inflammatory, anti-tumor, anti-

stored in the cortex of lichens; usnic acid has been
known for its multiple activities like antimicrobial,
antioxidant, anticancer, and larvicidal effects, it was
also known for its strong ability to absorb ultraviolet
rays [7].

The skin is the first immune barrier against
environmental aggressors and can be affected by
many inflammatory agents. Keratinocytes represent
the main epidermal cells; they play an important role
in the skin's protection mechanisms against
biological, chemical, and physical threats [8]. They
also act as an immunomodulator in managing
inflammation and wound healing through their ability
to produce a large number of anti-microbial and
inflammatory mediators [9,10]. However, any
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alteration in the expression and production of these
mediators lead to the development of inflammatory
skin disorders [11]. Furthermore, keratinocytes have
a crucial role in initiating the early pathogenic events
in chronic skin diseases such as psoriasis and
dermatitis. High levels of TNF-a, cationic
antimicrobial peptides, and chemokines CXCLI,
CXCL2, CXCLS8, CCL2 have been reported in
psoriasis [12,13], whereas high levels of TNF-q, IL-
1, IL-6, GM-CSF (granulocyte-macrophage colony
stimulating factor) were described in contact
dermatitis [14]. Reactive oxygen species (ROS) are
molecules involved in  different signaling,
inflammatory and metabolic processes. It is well
established that the overproduction of these species
leads to the loss of cellular redox and over time
causes chronic diseases such as cancer, atopic
dermatitis, and various metabolic disorders such as
diabetes and cardiovascular disease [15]. ROS
secreted during inflammation are essential for the
signaling pathways of various inflammatory
cytokines, NF-kB, nitric oxide synthase (iNOS), and
cyclooxygenase-2 (COX-2) [16,17]. Therefore, the
inhibition of various overproduced inflammatory
mediators (ROS and cytokines) through controlling
their synthesis can be an important strategy to limit
skin inflammations [18,19].

This study aims to investigate the antioxidant and
anti-inflammatory effects of Parmotrema hypotropa
lichen extract. Firstly, the antioxidant activity of the
lichen extract is assessed by chemical methods. Then,
the anti-inflammatory effect of the extract is tested
through the protein denaturation assay and on ROS
and TNF-o production by LPS-stimulated HaCaT
cells.

2. Material and methods
2.1. Lichen extract

The lichen was collected from the region El kala in
the extreme Northeast of Algeria, in September 2019.
The specimen was identified by Dr. Philippe Clerc
(Conservatory and Botanical Garden of the city of
Geneva, Chambésy, Switzerland) as Parmotrema
hypotropa (Nyl.) Hale. The lichen was dried and
ground in a grinder. Then, the powdered sample
(12g) was extracted with ethanol (250 mL) for 24 h at
room temperature. After that, the supernatant was
filtered and concentrated through a rotary evaporator
[20]. The obtained extract was stored at -18 °C until
the next use.

2.2. Total phenolic content (TPC)

Total phenolic content was determined by the
Folin-Ciocalteu reagent according to the method of
Miiller et al. [21]. Briefly, in 96-well microplate 20
pL of extract diluted in DMSO (1mg/mL) were added
to 100 pL of Folin-Ciocalteu reagent and 75 pL of
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Sodium carbonate solution (at 75%). After 2 hours
of reaction in darkness at room temperature; the
absorbance was measured at 765 nm by a microplate
reader (Perkin Elmer, Enspire). The total phenolic
content was expressed as pg gallic acid equivalent
/mg of extract (ug GAE/mg).

2.3. Total flavonoid content (TFC)

Total flavonoid content was determined according
to the method described by Topcu et al. [22] with
some modifications. In a 96 well plate, a volume of
50 pL of lichen extract diluted in DMSO (1mg/mL)
was added to 10 pL of aluminum nitrate (Al (NO3)3,
9H20 at 10%), 10 pL of aqueous potassium acetate
IM (CH;COOK) and 130 pL of DMSO. After 40 min
at room temperature, the absorbance was read at 415
nm. The total Flavonoid content was expressed as pug
quercetin equivalent /mg (ug QE/mg).

2.4. Evaluation of the antioxidant activity of
P.hypotropa extracts
2.4.1. Scavenging activity of DPPH radicals

The scavenging potential of the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical was determined
according to the method of Gali and Bedjou [23].
Briefly, 160 pL of DPPH solution (ImM) added to 40
pL of the tested extract diluted in DMSO (4mg/mL)
or standards at different concentrations (12.5, 25,
50, 100, 200, 400, 800 pg/mL), after 30 min of
incubation in darkness at room temperature, the
absorbance was measured at 517 nm.
The scavenging capability of DPPH radical was
calculated using the following equation:

DPPH scavenging effect(%) = 2conro—samie s 199 (1)

Acontrol

The results were given as ICsy value (pg/mL)
corresponding the concentration of 50% inhibition.
The results were compared to the standard
antioxidants BHA (butylated hydroxyanisole), BHT
(butylated hydroxytoluene), and ascorbic acid.

2.4.2. ABTS scavenging activity

ABTS scavenging activity was measured following
Mazouz et al. [24]. The ABTSe+ solution was
prepared by mixing ABTS (7mM) with Potassium
persulfate (2.45 mM). The solution was stored in the
dark at room temperature for 16 hours. ABTSe+
solution was then diluted to get the absorbance of
0.700 at 734 nm. Thereafter, a volume of 160 puL of
this solution was added to 40 pL of the standards and
tested sample in DMSO (4mg/mL) at different
concentrations (12.5, 25, 50, 100, 200, 400, and 800
pg/mL). The absorbance was measured at 734 nm
after 10 min of incubation at room temperature. The
results were given as the 1Csy (ug/mL), which was
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calculated according to the formula (1). BHA, BHT,
and ascorbic acid were used as standards.

2.4.3. f-carotene linoleic acid bleaching assay

The extract was assessed for its ability to protect
the oxidation of the carotenoid B-carotene through
hydrogen-based transfer mechanism [25]. Briefly, -
carotene/linoleic acid emulsion was prepared by
dissolving 0.5mg of f-carotene in 1 mL of
chloroform, then 25 pL of linoleic acid and 200 mg
of tween-40 were added. The chloroform was then
evaporated using a rotary evaporator. Then, 50 mL of
hydrogen peroxide (H,O,) was added with vigorous
shaking and the absorbance of the solution was
adjusted by hydrogen peroxide H,0O, to 0,8 - 0,9 at
470nm. A volume of 160 pL of B-carotene solution
was added to 40 pL of the tested sample or standards
(4mg/mL) at the concentrations 12.5, 25,
50, 100, 200, 400, and 800 pg/mL. The absorbance
was measured immediately at 470 nm (t=0 min) and
after incubation for 120 min at 45 °C. BHA and BHT
were used as standards.

The percentage of inhibition (A%) was calculated
according to the following formula:

A(%) = [1— (A(t=0)-A(t = 120)) / (AC(t = 0) —
AC(t = 120))] x 100

Where A (%) is the percentage of inhibition, A ()
the absorbance value of the tested sample at 0 min, A
=120): the absorbance value of the tested sample after
120 min of incubation and AC () is the absorbance
value of the negative control (methanol without
sample) at 0 min. AC (-5): the absorbance value of
the negative control at 120 min.

2.4.4. Reducing power assay

The reducing power activity was determined by the
reduction of Fe** (CN-)s to Fe*'(CN—), as described
before [26]. Briefly, 10 pL of extract or standards
(4mg/mL) at the concentrations 12.5, 25,
50, 100, 200, 400, and 800 pg/mL were added to 40
uL of 0.2 M sodium phosphate buffer (pH 6,6) and
50 pL of potassium ferricyanide (1%). The solution
was incubated for 20 min at 50 °C. After cooling, 50
uL of tri-chloroacetic acid (10%) was used to acidify
the mixture, then 10 pL of ferric chloride FeCl;
(0.1%) and 40 pL of distilled water were added. The
absorbance was immediately read at 700 nm. Ags
values were calculated from the absorbance curves.
The results were compared to BHA, BHT, and
ascorbic as positive antioxidant standards.

2.4.5. Cupric reducing antioxidant capacity
(CUPRAC)

Cu*" ion reduction antioxidant potential was
evaluated using the modified CUPRAC method [27].
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In 96-well microplate 50 pL of CuClI2 (10 mM), 50
pL of neocuproine (7.5 mM), and 1 M Acetate
ammonium (60 pL, pH 7.0) solutions were mixed
with 40 pL of the tested sample or standards at
different concentrations (12.5, 25, 50, 100, 200, 400,
and 800 pg/mL). The absorbance was measured at
450 nm after 1 hour of incubation at room
temperature. BHA, BHT, and ascorbic acid were used
as standards. A5 values were calculated from the
absorbance curves.

2.5. Evaluation of the anti-inflammatory effect of
P.hypotropa extract:

2.5.1. Inhibition of denaturation of bovine serum
albumin (BSA)

The anti-inflammatory effect of the P.hypotropa
extract was evaluated in vitro by testing its effect on
BSA denaturation following the method of
Kandikattu et al. [28]. Briefly, 500 pL of extract or
standard  (Diclofecan  sodium) at different
concentrations  (1000.500.250.125 pg/mL) were
added in tubes to 500 pL of the solution of BSA
(0.2% prepared in Tris buffer saline pH 6.6). A tube
with 500 pL of BSA and 500 pL of methanol was
also prepared as control. Then, the mixture was
incubated at 37 °C during 15 minutes, and heated at
72°C during 5 min. After cooling the absorbance was
measured at 660 nm in a UV-visible
spectrophotometer.

The percentage of inhibition of protein denaturation
was calculated according to the following equation:

AContral - ASample

% Inhibition of denaturation = x 100
AControl
A 1is the absorbance.
2.5.2. Cell culture
HaCaT cell line (Human immortalized

keratinocytes) was purchased from CLS Cell Lines
Service GmbH,Germany. HaCaT cells were cultured,
at 37 C° and 5% CO, at atmosphere in the incubator
(New Bruswick Scientific, CO-150 CO, incubator),
in Dulbecco’s modified Eagle’s medium (DMEM)
high glucose, 10% fetal bovine serum (FBS), 1%
Penicillin (100 U/mL) and streptomycin (100
mg/mL).

2.5.3. Cell viability assay

The effect of the extract on cell viability was
assessed by the MTT assay as previously reported
[29]. HaCaT cells (5x 10’ cells/well) were plated in
96 well microplate, and then treated for 24, 48, and
72 hours in the presence of different concentration of
lichen extract (50, 100, 200 pg/mL). Thereafter, 25
pL of MTT (5mg/mL) were added to each well and
incubated for 3 hours. After farmazon -crystal



112 M. A. TARTOUGA et.al.

formation the cells were incubated for 18 hours with
100 pL of cell lysate solution (50% N,N-
dimethylformamide and 20% (w:v) SDS at pH=4,5).
The optical density (OD) was measured at 620 nm
with the spectrophotometer (Titertek Multiskan
MCC/340-DASIT, Cornaredo, Milan, Italy).

The cell viability percentage (V%) was calculated
as the following equation:

V% = OD / (OD x DMSO) x 100

OD = absorbance of the extract at each concentration
DMSO = average of the absorbance of DMSO in the
different concentrations

2.5.4. Intracellular reactive oxygen release (ROS)
production

Intercellular ROS formation was measured using
the H,DCF-DA probe (2’°,7’-dichlorofluorescein-
diacetate) as depicted [30]. HaCaT cells were plated
in 24-well plates and treated with different
concentration of lichen extract (50, 100, 200 ug/mL),
in the presence of the bacterial lipopolyscharride
“LPS” (5 pug mL™"). After 24 hours, the supernatants
were separated and conserved at -18 °C for other
uses, and the cells were collected, washed and
incubated for 15 min at 37C° in the presence of
H,DCF-DA (10uM). The cell fluorescence was
evaluated through the fluorescence-activated cell
sorting (FACS scan; Becton Dickinson, NJ, USA)
and elaborated with Cell Quest software (San Diego,
CA, USA).

2.5.5. TNF-a release

The supernatants from the previous experiment
(ROS) were used to measure TNF-a levels in LPS-
stimulated HaCaT cells (5 pug mL™"). TNF-a levels
were determined using the Diaclone human TNF-a
Elisa kit following the manufacturer's instructions.
Results were expressed as pg/mL.

2.6. HPLC analysis for usnic acid content

A quantitative determination of +(-)usnic acid in
the extract was done through a High-Performance
Liquid Chromatography (HPLC).

HPLC grade from Sigma-Aldrich, Germany were
used as solvents and chemicals in this experiment.
2.6.1. Preparation of sample

0.05 g of P.hypotropa extract was added to 10 ml
of DMSO at room temperature, the solution was
filtered before the analysis by 0.45 pm filters, then 20
pL of it was injected into the HPLC system.

2.6.2. Preparation of samples and analytic
condition
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The solution of +(-)usnic acid (Img/mL) was
prepared with acetone then seven samples of different
dilutions in acetone of the solution were used to
obtain calibration curves using linear regression
analysis.

The analysis was performed on Aglient 1220
infinity Lc system equipped with a diode array
detector, a reverse phase C 18 column was used. For
the mobile phase A , a mixture of methanol and pH
7.4 phosphate buffer (70:30 v/v) was used with a
flow rate of 0.8 ml/min to detect usnic acid at 245 nm
by the comparison of the retention times with pure

standard [31].
Each analysis was carried out in triplicate.

2.7. Statistical analysis

All experiment were performed in triplicate and
expressed as means £ SD. The difference between
experimental conditions and controls were analyzed
using Tukey and Bonferroni’s tests (P<0,05 was
considered significant). Statistical analyses were
carried out by GraphPad Prism 5 software.

3. Results
3.1. Total phenolic and flavonoids contents of
P.hypotropa extract

The ethanolic extract reported to contain both
polyphenols and flavonoids, and it had high levels of
phenolics than flavonoids. The values were shown in
Table 1.

Table 1. Total phenolic and flavonoids contents in
ethanol extract of P. hypotorpa

TPC TFC
(ng GAE/mg) (ng QE/mg)
Ethanol 159+3.74 4.10+0.12

Values were expressed as means = SD (n=3). GAE: Gallic
acid equivalent, QE: Quercetin equivalent.

3.2. Antioxidant activities of P.hypotropa extract

The antioxidant and scavenging potential of the
tested extract of P. hypotropa was evaluated through
multiple methods (Table 2). P.hypotropa extract
showed a weak ability to reduce DPPH radical and
bleaching B-carotene. In contrast, it exerted a high
scavenging activity of the radical ABTS (ICsy=
96.18+1.07 pg/mL). The capacity of the sample to
reduce metallic ions such as iron and copper was also
assessed and the results demonstrated that it is more
effective in reducing copper ions (Ags = 39.37£1.46
pg/mL) than iron ions (Ags > 200 pg/mL). Notably,
the tested extract has low antioxidant activity
compared to the standards.
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Table 2. Antioxidant activities of ethanol extract of P.hypotropa

DPPH ABTS p-Carotene bleaching Reducing power CUPRAC

ICs 1Cs ICs (ng/mL) Ay.s0 (ng/mL) Aoso

(ng/mL) (ng/mL) (ng/mL)
ETH > 800 96.18+1.07 268.62+2.44 >200 39.37+1.46
BHA 6.14+0.41 1.81£0.10 1.05+0.03 9.29+0.22 5.35+£0.71
BHT 12.99+0.41 1.29+0.30 0.91+0.01 8.41+1.46 8.97+£3.94
AA 4.39+0.01 3.04+0.05 NT 5.45+0.15 8.69+0.14

Values are means + standard deviation of three parallel measurements. BHA: butylated hydroxyanisole; ETH: ethanol extract;
BHT: butylated hydroxytoluene; AA: ascorbic acid; NT: not tested.

3.3. Anti-inflammatory effect of P.hypotropa extract

3.3.1. Effect of the extract on BSA denaturation
assay

The tested extract exerted a protective effect gainst
the heat-induced denaturation of BSA in a dose-
dependent manner. The results showed that the
extract inhibited the BSA denaturation at 38.39% at
1000 pg/mL. (Figure 1).

100 R e &
80 'y
604 & Ethanol
' -4~ Diclofenac

inhibition of BSA denaturation

Yo

T T
0 200 400 600 800 1000
Concentration pg/mL

Fig. 1. Effect of the P.hypotropa ethanol extract
on BSA denaturation.

Effect of P.hypotropa extract on Hacat cell line
viability

The cytotoxic effect of P. hypotropa extract was
evaluated using the MTT assay. The results showed
that the extract administered at different
concentrations and different times (24, 48 and 72h)
had no cytotoxic effect on the HaCaT cells (Figure
2).

3.3.2. Effect of P.hypotropa extract on intercellular
ROS release

Measurement of intercellular ROS level in LPS-
stimulated HaCaT cells (Figure 3) demonstrated that
the lichen extract significantly (p < 0.001) inhibited
intracellular ROS formation at all the tested
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concentrations. The extract induced a significant (p<
0.001) decrease of the ROS release by 30.35+0.69,

38.17+4.67, and 52.54+1.16 % compared to the LPS-
stimulated HaCaT cells at the concentrations of 50,
100, and 200 pg/mL, respectively.

Ethanol extract (ugimL)
mp

& 200 ugiml
[ R
B 5 Jg/mL

Cell viability %
=

UL LI | L

;24!1[5 : idﬁhrs : “ T2hrs ;
Fig. 2. Effect of ethanol extract (50-200 pg/mL)
on HaCaT cells viability after 24, 48 and 72

hours.
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Intercellular ROS release
{Mean fluorescence intensity)

[ng/mL]

LPS

Fig. 3. Effect of P. hypotropa extract (50-200
pg/mL) on the intracellular ROS levels in LPS-
stimulated HaCaT cells. *** Significant P < 0.001
compared to LPS-stimulated cells. (LPS: LPS-
stimulated cells, ETH: ethanol extract).

3.3.3 Effect of P.hypotropa extract on TNF-a
secretion

The inhibitory effect of the tested extract on TNF-a
secretion by LPS-stimulated HaCaT cells was
evaluated using an ELISA assay. Data indicate that
the extract decreased TNF-a production (Figure 4).
The inhibitory effect of the extract was significant (p
<0.001) at 100 and 200 pg/mL.

50+
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® 304
5 E‘ —
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<
_
ETH
LPS

Fig. 4. Effect of P. hypotropa extract (50-200
pg/mL) on TNF-o levels (pg/mL) in LPS-
stimulated HaCaT cells. *** Significant P < 0.001
compared to LPS-stimulated cells. (LPS: LPS-
stimulated cells, ETH: ethanol extract).
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3.4. Determination of usnic acid in P.hypotropa by
HPLC

The quantification of usnic acid in lichen extract
was realized by the identification of peaks in
chromatographs resulted from the HPLC analysis,
through the comparison of retention times with the
standard (Figure 5).

Our lichen extract contained 0.032 mg of usnic
acid in Smg/mL of ethanol extract. The result
obtained is showed in (Table 3).

Table 3: Usnic acid content and retention time of
P.hypotropa extract.

Usnic acid Retention time
content (min)
(mg)
ETH 0.032 +£0.001 7,143£0.001

Values were expressed as means + SD (n=3). ETH: ethanol
extract of P.hypotropa.

204
2500 ( |
2000 |
1500 |

1000+ &)

Fig. 5. HPLC analysis of wusnic acid in
P.hypotropa ethanol extract. A: solvent; B: usnic
acid (retention time: 7.14 min).

4. DISCUSSION

Lichens were used in traditional medicine to cure
infections, fever, diarrhea, convulsions, and skin
diseases such as wounds [1]. In this work, we have
tested the antioxidant and the anti-inflammatory
activities of ethanol extract of lichen P.hypotropa. In
our knowledge, the biological activity of this lichen
has not already been documented. Firstly, the
antioxidant activity of the extract has been evaluated
using different tests. The utilization of different
complementary methods is recommended when
studying a crude extract composed of a mixture of
bioactive compounds with diverse mode of action.
Our results demonstrated the presence of total
phenolic and flavonoids in P.hypotropa lichen
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extract, similar findings on Parmotrema species have
been reported by different works [32,33]. At the same
time, the ethanolic extract exerted a moderate
antioxidant activity. Similar results have been
reported in the genus of Parmotrema with ethanol
extract, while other extracts of the same genus
showed a significant effect [34]. The moderate
antioxidant activity of our extract could be related to
the chosen solvent which can affect the concentration
of secondary metabolites in lichens. Several studies
confirmed the antioxidant properties of lichen [35,36]
where the antioxidant effect was influenced by the
extraction solvent.

In fact, a close relationship between total phenolic
content and antioxidant activity has been confirmed
by different studies [37-40]. The ability of phenolic
compounds to scavenge the free radicals is due to
their capacity to donate electrons or hydrogen atoms
of their hydroxyl groups [41].

In the second part of this work, the anti-
inflammatory effect of the extract was assessed by
the test of protein denaturation using BSA. The
protein denaturation process is one of the multiple
causes inducing an inflammatory response through
the degeneration, the loss of tissue functionality, and
the secretion of pro-inflammatory mediators [42].
The test is based on measurement of the capacity of
the extract to prevent the loss of protein structure
induced by the heat. The results showed that the
ethanolic extract had a protective effect against
protein denaturation. A similar protective effect was
reported in another extract of the lichen Parmotrema
austrosinense [43].

Furthermore, the anti-inflammatory effect of
P.hypotropa extract was assessed on HaCaT cells.
The LPS-stimulated keratinocytes are a common
model to discover new treatments for skin
inflammation disorders such as atopic dermatitis and
psoriasis [44,45]. The results showed that the
viability of HaCaT cells was not affected by adding
the extract of P.hypotropa. Further, the tested extract
exhibited a significant reduction of intercellular ROS
produced by the stimulated HaCat cells. During skin
inflammations, ROS are excessively produced by
keratinocytes and can oxidize the biologic molecules
(lipids, proteins, and DNA) and lead to several
disorders [11,46]. The inhibition of intracellular ROS
by lichen extracts was reported in SH-SYSY
neuroblastomas treated by Parmotrema perlatum
[47], and by Cetraria islandica and Vulpicida
canadensis on U373-MG cells (astrocytes) [48].

On the other hand, TNF-a is a pro-inflammatory
cytokine produced by several skin cells including
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keratinocytes following their exposition to external
agents such as LPS [49]. Our results showed the
inhibition of TNF-a by the extract of P.hypotropa,
similar findings on lichen were reported by on LPS-
stimulated Raw 264.7 cells treated by Amandinea sp
extract [50]. The anti-inflammatory properties of
P.hypotropa extract can be ascribed to the presence
of polyphenols and flavonoids content. It has been
reported that polyphenols inhibit TNF-o and NF-xB
signaling pathway in human keratinocytes [46,51,52].
Likewise, they modulate macrophages function by
inhibiting cyclooxygenase-2 (COX-2), inducible
nitric oxide synthase (iNOS) and TNF-o production
[53]. Flavonoids, as well, are found able to inhibit the
expression cytokines and chemokines like TNFa, IL-
1B, IL-6, IL-8 in multiple cell types such as LPS-
activated mouse primary macrophages and human
peripheral blood mononuclear cells [54].

In addition ethanol extract of P.hypotropa found to
contain usnic acid. Many studies confirm the
production of usnic acid in lichens[55], Rajan et al.
[33] have confirmed the presence of usnic acid in
Parmotrema sp. Usnic acid is a secondary metabolite
produced only by lichens, it is a dibenzofurans
derivatives of phenolic compounds composed of a
furane retrocycle bonds.  Among the isolated
secondary metabolites of lichens usnic acid was the
most widely studied for its biological activities; it is a
very active substance which plays crucial role in
human health [56]. Many biological activities of
usnic acid have been reported [31]. Usnic acid has
strong antioxidant activities [57], it could decrease
the high levels of inflammatory mediators (TNF-a, I1-
6) in LPS-stimulated cell lines [32]. Therefore, we
suggest that the presence of usnic acid in the studied
extract seemed to be responsible for its antioxidant
and anti-inflammatory activities.

5. Conclusion

The present study revealed that the lichen
Parmotrema hypotropa has a potent antioxidant
effect as examined using in vitro assays and
possesses a significant anti-inflammatory effect
through its ability to inhibit the protein denaturation,
and to reduce the production of the inflammatory
mediators ROS and TNF-a by keratinocytes. These
important actions allow considering the lichen
P.hypotropa a good source of new bioactive
molecules for the treatment of inflammatory
disorders. Nevertheless, further studies are needed to
identify and purify the principal bioactive compounds
responsible for P.hypotropa's biological activities and
to confirm their effects both in vitro and in vivo.
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