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ABSTRACT

Context: Lichens produce specific secondary metabolites with different biological activity.

Objective: This study investigated the cytotoxic effects of physodic acid, in addition to the total phenolic
content and cytotoxic and antioxidant activity of acetone extract from Hypogymnia physodes (L.) Nyl.
(Parmeliaceae).

Materials and methods: Cytotoxicity of physodic acid (0.1-100 M) was assessed in MDA-MB-231, MCF-7
and T-47D breast cancer cell lines and a nontumorigenic MCF-10A cell line using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide, neutral red uptake and crystal violet assays during 72 h of incubation.
An MTT assay was also used to assess the cytotoxic effects of the acetone extract (0.1-100 pg/mL) in the
MDA-MB-231, MCF-7, T-47D breast cancer cell lines after 72 h. The total phenolic content of the acetone
extract, expressed as the gallic acid equivalent, was investigated using Folin-Ciocalteu reagent. The antioxi-
dant activity of the extract was assessed by 2,2-diphenyl-1-picrylhydrazyl and ferric-reducing antioxidant
power assays.

Results: The cytotoxic activity of physodic acid appeared to be strong in the tumorigenic cell lines (ICso
46.0-93.9 uM). The compound was inactive against the nontumorigenic MCF-10A cell line (ICso>100 puM).
The acetone extract showed cytotoxicity in the breast cancer cell lines (ICsq 46.2-110.4 ug/mL). The acetone
extract was characterized by a high content of polyphenols, and it had significant antioxidant activity.
Discussion and conclusion: Physodic acid and acetone extract from H. physodes displayed cytotoxic
effects in the breast cancer cell lines. Furthermore, acetone extract from H. physodes possessed significant
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antioxidant properties.

Introduction

Lichens (or lichenized fungi) consist of a fungus and a photosyn-
thetic symbiont, which can be an alga or a cyanobacterium
(Zambare & Christopher 2012). These organisms produce unprece-
dented secondary metabolites, which are extremely rare in the
world of plants and nonlichenized fungi. These secondary metabo-
lites include depsides, depsidones, quinones and xanthones, as well
as derivatives of dibenzofuran, diketopiperazine and pulvinic acid
(Huneck 1999; Miiller 2001). Approximately 1050 secondary lichen
metabolites have been identified to date (Molnar & Farkas 2010).
Lichen-derived secondary metabolites have been shown to exert
diverse biological activity, such as antiproliferative, antitumor, anti-
oxidant, anti-inflammatory, antipyretic, analgesic, antiviral, anti-
protozoal and photoprotective (Huneck 1999; Miiller 2001).
Hypogymnia physodes (L.) Nyl. (Parmeliaceae) is a foliose
lichen, which is widely distributed in the boreal and temperate
forests of the Northern Hemisphere. H. physodes produces sec-
ondary metabolites with various chemical structures. Previous
research has demonstrated the presence of depsides (atranorin
and chloratranorin) and depsidones (protocetraric, physodic, iso-
physodic, hydroxyphysodic, methylphysodic and physodalic acids)
in H. physodes (Molnar & Farkas 2010; Pavlovi¢ et al. 2013).
Knowledge of the biological activity of physodic acid and its
derivatives is limited. The antimicrobial activity of physodic acid,
3-hydroxyphysodic acid and extracts from H. physodes (Gollapudi

et al. 1994; Tirk et al. 2003, 2006; Yilmaz et al. 2005; Rankovi¢
et al. 2007), as well as the antimutagenic activity of physodic and
physodalic acids (Shibamoto & Wei 1984; Osawa et al. 1991), has
been reported. Studies also demonstrated that physodic (Neamati
et al. 1997; Miiller 2001) and hydroxyphysodic acids inhibited dif-
ferent enzymes (Proksa et al. 1994).

In the present study, physodic acid was isolated from H. phys-
odes, and its cytotoxic effects were investigated in MCF-7, T47D
and MDA-MB-231 breast cancer cell lines, as well as their normal
counterparts, nontumorigenic epithelial cell line, MCF-10A.
Furthermore, the cytotoxic and antioxidant activity of the acetone
extract and its polyphenol content was evaluated.

Materials and methods
Chemicals

Acetone, anhydrous citric acid, ethyl acetate, formic acid, hexane,
hydrochloric acid and toluene were purchased from POCH
(Gliwice, Poland). Amphotericin B, ascorbic acid, 3-tert-butyl-4-
hydroxyanisole (BHA), crystal violet (CV), Dulbecco’s modified
Eagle’s medium (DMEM), dimethylsulphoxide (DMSO), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), epidermal growth factor
(EGF), foetal bovine serum (FBS), gallic acid, glutamine, horse
serum, hydrocortisone, insulin, iron(IIl) chloride hexahydrate
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(FeCl;-6H,0), TPTZ (2,4,6-tripyridyl-s-triazine), 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
3-amino-7-dimethylamino-2-methylphenazine hydrochloride
(NR), phosphate buffered saline (PBS) containing calcium, mag-
nesium, penicillin and streptomycin, sodium dodecyl sulphate
(SDS) and trypsin-EDTA solution, were obtained from Sigma-
Aldrich Co. (St Louis, MO).

Silica gel (Sigma-Aldrich) 15-40 pm, with an average pore
diameter of 60 A, was used for column chromatography. Silica gel
60 F,s4 plates (Merck, Darmstadt, Germany) were used for thin-
layer chromatography (TLC) to monitor the obtained fractions,
and the resulting spots were visualized under UV light and also
in VIS after spraying the plates with anisaldehyde-H,SO, reagent
and heating at 105°C/10 min. Extraction was done in an ultra-
sonic bath (Elmasonic S 180H, Elma, Germany). 'H and “C
NMR spectra were recorded at 400 and 100 MHz, respectively,
using a Bruker AVANCE 400 NMR spectrometer (Rheinstetten,
Germany). For the MS analysis, a Bruker microTOF-q (Bremer,
Germany) mass spectrometer was used. For UV spectra registra-
tion, the UV/VIS Lambda 35 PerkinElmer (Waltham, MA) spec-
trophotometer was employed. For cell viability assays, the UV
absorbance was measured using a spectrophotometric plate reader
ELx-800 (BioTek, San Francisco, CA).

Plant material

The lichen H. physodes was collected in October 2008 in the
Notec Primeval Forest, Poland and authenticated by Dr. Daria
Zarabska-Bozejewicz (The Institute for Agricultural and Forest
Environment of the Polish Academy of Sciences in Poznan). A
voucher specimen (ES 2008.1001) has been deposited in the herb-
arium of the Department of Pharmacognosy, Poznan University
of Medical Sciences.

Preparation of the acetone extract

Dried, cleaned and fragmented thalli of H. physodes (4.0g) were
sonicated at 35°C for 4 x 30 min with acetone (100 mL X 4) in an
ultrasonic bath. The extracts were filtered using Whatman filter
paper No. 1 and concentrated by evaporation using a rotary evap-
orator under vacuum at 35-40°C to afford a solid residue
(439.2 mg). The yield of the acetone extract was 10.98%.

Isolation of physodic acid

Dried, cleaned and fragmented thalli of H. physodes (2.3g) were
successively extracted for 5x 1h with hexane (200mL X 5) and
then for 3 x 1h with acetone (160mL X 3) by shaking at room
temperature. These extracts were filtered using Whatman filter
paper. No. 1 and concentrated under reduced pressure at 35°C,
yielding 50.0mg (yield 2.17%) and 798.0mg (yield 34.70%) of
solid residue of hexane and acetone extract, respectively.
Subsequently, the acetone extract (350 mg) was chromatographed
on a glass column of silica gel (2.5 x 50 cm) with the gradient of
a solvent system of hexane-AcOEt (75:25), toluene-hexane (75:35,
90:30) and toluene-AcOEt (75:30) to vyield 107 fractions.
Fractions 24-29 were crystallized as physodic acid.

Determination of the total phenolic content

The total phenolic content in the lichen acetone extract was deter-
mined spectrophotometrically using Déka and Bicanic’s (2002)
modified method, with Folin-Ciocalteu reagent. Briefly, 0.1 mL of
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the acetone extract dissolved in DMSO (2mg/mL) was mixed
with 7.4mL of distilled water and 0.5mL of the Folin-Ciocalteu
reagent. The mixture was shaken vigorously, and a 20% (w/v)
sodium dicarbonate solution (2mL) was added after 1 min. Next,
the samples were incubated for 30 min at room temperature.
The absorbance was measured at 760 nm. The total polyphenol
concentration was calculated using gallic acid (0.02-0.08 mg/mL)
as a standard from a calibration curve (y=0.1016x— 0.0029,
R*=0.9993). The concentration of the total phenolic compounds
in the extract was expressed as mg of gallic acid equivalent per
gram of the dry extract. The values are expressed as the mean of
12 replications = SD.

Cells and culture conditions

Human breast cancer cell lines (MCF-7, T47D and MDA-MB-
231), and a nontumorigenic epithelial cell line (MCF-10A), were
purchased from the European Type Culture Collection (Sigma-
Aldrich Co.). The cells were grown at 37°C in a humidified
atmosphere containing 5% CO, and 95% air. The cancer cell lines
were maintained in phenol red-free DMEM medium, supple-
mented with 10% FBS, penicillin (100 U/mL), streptomycin
(0.1 mg/mL) and 2mM glutamine. The MCF-10A cells were cul-
tured in DMEM, supplemented with 0.1% insulin solution, 0.02%
EGF solution, 0.05% hydrocortisone solution, 5% horse serum
and 1% antibiotics solution (10* U penicillin, 10 mg streptomycin,
25ug amphotericin B). All the cell lines were routinely main-
tained in T75 flasks in a 37°C humidified environment of 5%
CO,/95% air, and they were passaged twice a week using 0.05%
trypsin/0.02% EDTA.

Determination of cell viability

The cell viability was measured using assays: MTT (Berridge et al.
2005), neutral red uptake (NRU) (Fotakis & Timbrell 2006) and
CV (Chiba et al. 1998). Briefly, the cells were trypsinized, seeded
into 96-well microtiter plates at a density of 20,000 cells/well, and
allowed to attach overnight. Stock solutions of physodic acid and
acetone extract were prepared in DMSO, diluted with a medium
to the desired concentrations (100-0.1puM or 100-0.1 pg/mL,
respectively), and transferred to the cells. The final concentrations
of DMSO never exceed 0.1%. The control cells were cultured with
a medium containing 0.1% DMSO. The cells were incubated for
72h.

MTT assay

The MTT assay is commonly used in the screening of anticancer
compounds. The tetrazolium ring of MTT is cleaved by dehydro-
genases in mitochondria of living cells to produce a purple forma-
zan. The MTT test was carried out according to the protocol
described by Berridge et al. (2005). Briefly, after 72 h of incubation
with the tested substances, the medium was aspirated, and 170 uL
of the mixture of the medium and the MTT solution (7.5:1) were
added to the wells. The cells were incubated for 4h. Excessive
MTT was then aspirated, and the formazan that formed was solu-
bilized by the addition of 150 pL SDS. The plates were shaken
(3 min, 650 rpm), and the formazan that formed was solubilized.
The mixture of the medium and the MTT solution (7.5:1) was used
as a blank. The absorbance was read at 570 nm using a microplate
reader. IC5, values were calculated from curves constructed by
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plotting the cell survival versus the drug concentration. The values
are expressed as the mean of six replications = SD.

NRU assay

The NRU assay, which is based on the uptake and subsequent lyso-
somal accumulation of the supravital dye neutral red, was used to
quantify the number of viable cells after their exposure to the cyto-
toxic substances. After incubation with NR the dye was extracted
from the tested cells and measured spectrophotometrically. The
absorbance of the dye extracted from the cells is linear to the num-
ber of living cells in a tested sample. The NRU test was carried out
following the protocol described by Fotakis and Timbrell (2006). In
short, after 72h of incubation, the medium was aspirated. The
medium was then supplemented with neutral red (150 uL) and
incubated for 2h. Subsequently, the neutral red-containing
medium was aspirated, and the cells were washed twice with PBS
(100 uL). A mixture of acetic acid (1%) and ethanol (50%) was
then poured into each well. The plate was shaken (10min,
100 rpm) to extract the dye. The absorbance, as a measure of the
viable cell number, was read at 540 nm by a scanning multiwell
spectrophotometer (a microplate reader). The ICs, values for cell
viability were obtained by plotting the percentage of cell viability
versus the concentration of the test substance on a graph. The val-
ues are expressed as the mean of six replications * SD.

CV assay

The CV assay is based on the reduction in the growth rate reflected
by the colorimetric determination of stained cells what allows to
assess the number of viable cell after incubation with tested sub-
stances. The CV stains DNA upon solubilization in acetic acid, and
the amount of the dye bound to cellular DNA is then quantitated
using a plate reader. However, in the CV assay, the absorbance of
the stained cells does not represent the amount of viable cells when
the cells are cultured after reaching confluence. The results of a CV
assay often vary when cells grow uniformly on the bottom of each
well. In some cases, all adherent cells are dead cells, but still
attached to the bottom of the well cells, are considered viable cells
because CV nonspecifically stains them. This also occurs frequently
when using other protein assays.

The CV assay was carried out following the protocol described
by Chiba et al. (1998), with some slight modification. Briefly, after
72h of incubation with the tested substances, the medium was
aspirated, and the cells were washed twice with PBS containing
calcium and magnesium. The CV solution (0.1% CV in 10% etha-
nol) was then added to each well for at least 10 min. The stain
was removed, and the plates were rinsed using the calcium and
magnesium-containing PBS. Glacial acetic acid (50%) was added
to all the wells and shaken (10min; 650 rpm). The absorbance
was read at 570 nm using a microplate reader. The ICs, values for
cell viability were calculated by plotting the percentage of cell via-
bility versus the concentration of the test substance on a graph.
The values are expressed as the mean of six replications * SD.

Radical scavenging activity (DPPH) assay

DPPH is a stable free radical, which is commonly used to evaluate
the ability of compounds to act as free radical scavengers or
hydrogen donors and to measure the antioxidant activity of tissue
extracts. The reaction of an antioxidant or a reducing compound
with DPPH results in the production of hydrazine DPPH,.

This reaction may be tracked spectrophotometrically, as the col-
our of the DPPH solution changes from purple (the absorbance at
517nm) to yellow. The free radical scavenging capacity of the
acetone extract from H. physodes was determined using the
DPPH method described by Annegowda et al. (2010). Briefly,
0.1 mL of the acetone extract dissolved in DMSO (6.0-0.094 mg/
mL) was added to 2.9mL of the DPPH solution (0.1 mM in
methanol; the final assay concentrations were 200.0-3.125 ng/mL).
The reaction mixture was shaken and incubated in the dark at
room temperature for 30 min. The absorbance was measured at
517 nm against a blank (2.9 mL of methanol + 0.1 mL of DMSO).
The negative control was a mixture of 2.9 mL of DPPH solution
and 0.1 mL of DMSO. Vitamin C and BHA were used as positive
controls. The following equation was used to calculate the concen-
tration of the DPPH radicals:

Ao —A
DPPH radical scavenging(%) = ( OA 1) x 100,
0

where Ag is the absorbance of the negative control and A, is the
absorbance of the reaction mixture or standards. The ICs, values of
the antioxidant were calculated as the concentration required to
inhibit the activity of the DPPH radicals by 50%. The activity of the
H. physodes extract at a concentration of 50 ug/mL was expressed
as the vitamin C equivalent (VCE) (ug VCE/mL tested sample).
The values are expressed as the mean of 12 replications *+ SD.

Reducing power (FRAP assay)

The FRAP (ferric-reducing antioxidant power) assay was carried
out as described previously (Arnous et al. 2002), with some modi-
fication. Briefly, 50 uL of the acetone extract was dissolved in
acetone-DMSO (4:1) (1.5mg/mL) and mixed with 0.95mL of
freshly prepared FRAP reagent (0.9 mL of TPTZ in 0.05 M HCI
and 0.05mL of 3mM FeCl; in 5mM citric acid), followed by
incubation for 30 min in a water bath at 37°C. The final assay
concentration was 50.0 pg/mL. The absorbance was measured at
620 nm against a blank containing 0.05mL of the acetone-DMSO
(4:1) mixture and 0.95mL of the FRAP reagent. The results were
expressed as VCE (ug VCE/mL tested sample). The values are
expressed as the mean of 12 replications = SD.

Statistical analysis

Statistical analyses were performed using GraphPad Prism version
5.00 for Windows (GraphPad Software, San Diego, CA) and
Microsoft Excel 2010 software (Microsoft, Redmond, WA). The
median effect concentrations (ICsq values) were determined using
a concentration-response curve.

Results
Phytochemical analysis

As a result of the phytochemical investigation, the acetone extract
and physodic acid were obtained from the thallus of H. physodes.
Physodic acid (15mg) (Figure 1) was isolated from the acetone
extract using column chromatography. The identity of this com-
pound, which has already been detected in this species (Culberson
1979; Purvis et al. 1992), was confirmed using TLC and by UV,
'H, °C NMR and MS analyses.

Physodic  acid: R¢=0.53  (toluene-AcOEt-formic  acid,
139:83:8); white crystals; UV (MeOH) Ap.x 209, 267, 314 nm;
ESIMS (positive mode) m/z 471 [M +H]"; '"H NMR (acetone-ds,



Figure 1. Structure of physodic acid.

Table 1. Cytotoxic effect of physodic acid and acetone extract obtained from H.
physodes against selected human cancer cell lines.

Cell viability (%)®

Sample MDA-MB-231 MCF-7 T47D
Physodic acid® 0.0 +1.40 0.0=*274 0.0=*0.79
Acetone extract* 476 = 11.72 52.7 £4.23 36.5+4.53

“Values are expressed as mean n=6 replications = SD; measured after 72h of
exposure the cells to the test compounds; MTT assay.

PConcentration: 100 puM.

“Concentration: 100 pg/mL.

Table 2. In vitro cytotoxic activities of acetone extract from H. physodes.

Cell line MTT? (ICso pg/mL)
MDA-MB-231 46.2 £10.2
MCF-7 1104 =213
T47D 60.0 =11.3

Values are expressed as mean n=6 replications; measured after 72 h of expos-
ure the cells to the test compounds.

400 MHz) and *C NMR (acetone-ds, 100 MHz). The data were in
full agreement with findings reported in the literature (Huneck &
Yoshimnura 1996).

Total phenolic content

The total amount of phenolic compounds in the acetone extract
was determined as the gallic acid equivalent. The results indicated
that the extract contained 299.40 * 4.94 mg of gallic acid equiva-
lent/g of the dry extract.

Cytotoxic activity

The results of the MTT assay showed that the cytotoxic effects of
the tested lichen substances differed in the three types of cancer
cell lines (oestrogen receptor (ER)-negative MDA-MB-231; ER-
positive MCF-7, T47D) (Table 1). Physodic acid was potently
active and caused the death of 100% of cells at the concentration
used. The cytotoxicity of the acetone extract was lower than that
of the physodic acid. Based on these data, the tested cell lines
were exposed to increasing concentrations of acetone extract and
physodic acid. Subsequent MTT assays revealed that the acetone
extract from H. physodes exerted cytotoxic effects at concentra-
tions from 0 to 100 pg/mL. The ICs, values are presented in
Table 2. In decreasing order of toxicity, the values were as follows:
MDA-MB-231 > T47D > MCF-7. Table 3 presents the results of
the MTT, NR and CV assays of physodic acid at a final concen-
tration range of 0-100 uM and the cytotoxic properties of this
compound in the human nontumorigenic immortalized breast
epithelial MCF-10A cell line. In all the tests, physodic acid exerted
the most pronounced cytotoxic activity against the MCF-7 cells,
followed by the T47D and MDA-MB-231 cells (Table 3).
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Table 3. In vitro cytotoxic activities of physodic acid.

ICso values (uM)?

Test MDA-MB-231 MCF-7 T47D MCF-10A
MTT 93.9*+10.2 724*79 754126 >100
NRU 688+ 143 460113 539+6.9 >100
v 719+ 148 483+ 126 495*+94 >100

“Values are expressed as mean n =6 replications; measured after 72 h of expos-
ure the cells to the test compounds.

Table 4. Antioxidant activity of acetone extract from H. physodes.

Sample DPPH (ICso pg/mL) FRAP (ug VCE/mL of samples)*
H. physodes extract® 21.49 £ 0.81 797 £0.16

Vitamin C° 404+ 0.02 -

BHA® 414+ 0,04 -

Note: Values are expressed as mean.

n=12.

Pn = 6 replications * SD.
“Concentration of tested extract 50 ug/mL.

Physodic acid at the tested concentrations (ICs,>100 uM) did not
affect the viability of the MCF-10A cells.

Antioxidant activity

The results of the DPPH assay showed that the acetone extract of
H. physodes had pronounced antioxidant activity. However, it was
weaker than that of the referenced substances (BHA and vitamin
C) (Table 4). The potency of the extract of H. physodes was about
five times lower than that of compounds regarded as potent anti-
oxidants. As shown by the results of the FRAP assay, at a concen-
tration of 50 ng/mL, the antioxidant activity of the acetone extract
was six times lower than that of vitamin C. This result confirmed
the strong antioxidant properties of the tested extract revealed by
the DPPH assay (50pug/mL showed the antioxidant activity
5.39 £0.23 ug/mL of VEC).

Discussion

Polyphenols are secondary metabolites, which have been shown to
exert various biological activities, such as antioxidant, cytotoxic,
antibacterial and anti-inflammatory (Quideau et al. 2011). Several
authors suggested that the biological properties of plant and
lichen extracts were associated with their polyphenol content (Lu
& Foo 2002; Kosani¢ & Rankovi¢ 2011). Research has also shown
that lichens synthesized polyphenolic compounds, such as dep-
sides, depsidones and dibenzofuranes (Gulluce et al. 2006). The
results of the present study revealed a high content of polyphenols
in the acetone extract from H. physodes. The content was higher
than that reported in a previous study (141.59mg GA/g of the
dry extract) (Mitrovic¢ et al. 2011).

Lichens have been used in folk medicine since ancient times
(Pieroni 2000; Agelet & Valles 2003). However, their biological
activity has not been extensively studied, including that of H.
physodes, physodic acid and its derivatives. To the best of our
knowledge, only the cytotoxic effects of methanolic extract from
H. physodes has been studied in MCF-7 and MDA-MB-231 cell
lines (IC50=50 and 44 pg/mL, respectively) (Ari et al. 2014). The
cytotoxic activity of physodic acid isolated from H. physodes in
FemX (IC50=19.52pg/mL) and LS174 (ICsq=17.89 ng/mL) has
also been studied (Rankovi¢ et al. 2014). Pavlovi¢ et al. (2013)
reported the biological activity of physodic, physodalic, 3-hydrox-
yphysodic and isophysodic acids isolated from H. physodes in rat
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thymocytes. Among the studied acids, physodalic acid demon-
strated cytotoxic activity at the lowest concentrations (1 and
10 pg/well). Physodic acid and 3-hydroxyphysodic acid exhibited
weaker activity (10 pug/well), whereas isophysodic acid did not
affect the viability of the thymocytes.

This is the first study to demonstrate the cytotoxic activity of
acetone extract from H. physodes and isolated physodic acid
against breast cancer cells (ER-negative MDA-MB-231 and ER-
positive MCF-7, T47D). As shown in Tables 2 and 3, the intensity
of the cytotoxic effect depended on the type of cell line.
Furthermore, depsidone affected the tumorigenic breast cancer
cells, whereas the nontumorigenic cells (MCF-10A) were resistant
to physodic acid at the applied doses. The cytotoxic activity of
physodic acid was confirmed using three different methods. The
results suggest that physodic acid is an interesting anticancer can-
didate and worthy of future research to determine the potential
usefulness of this natural substance. The results of the experi-
ments point to a possible interaction of physodic acid with cellu-
lar factors, receptors, organelles or signalling pathways involved in
the survival of cancer cells. The lowest ICs, values for the cancer
cells incubated with physodic acid were obtained in the NRU and
CV assays (Table 3), pointing to the interaction of physodic acid
with DNA or lysosomes in cancer cells. However, several different
mechanisms of action are possible. According to a recent study, a
broad spectrum of mechanisms may be responsible for the resist-
ance of MCF-10A cells to anticancer compounds. These include
differences in the subcellular localization of Bik (Trejo-Vargas
et al. 2015) and the KLF8/EGFR signalling pathway (Li et al.
2015), differences in stearoyl-CoA desaturase-1 activity (Belkaid
et al. 2015) and combined inhibition by glycolysis and AMP-acti-
vated protein kinase (Wu et al. 2015), and differences in mitocho-
drial-mediated apoptosis (Taha et al. 2015). Therefore, the exact
mechanism responsible for the selective activity of physodic acid
in breast cancer should be further investigated.

In the present study, the potency of the acetone extract and
physodic acid differed, with the latter exerting stronger cytotoxic
activity. In our opinion, this might be the result of the synergistic
or antagonistic effect of several compounds, including the physo-
dic acid in the extract.

The biological activity of antioxidants is related to the ability
of these antioxidants to inhibit the oxidation of macromolecules,
such as proteins and DNA, which prevents mutagenesis or car-
cinogenesis. A high concentration of reactive oxygen species can
give rise to numerous diseases. Consequently, antioxidants have
an important role in the treatment of medical and cosmetology
problems (Christaki et al. 2012; Herman & Herman 2013). The
present study is used DPPH and FRAP assays to establish the
antioxidant properties of acetone extract from H. physodes. DPPH
assays have frequently been used to study the scavenging capaci-
ties of plants (Dudonné et al. 2009). The FRAP method was pro-
posed for the first time to evaluate the antioxidant properties of
lichens. A few studies have investigated the antioxidant properties
of extracts obtained from H. physodes. For example, Mitrovi¢
et al. (2011) and Stojanovic et al. (2010) reported the IC5, values
for methanolic extracts (45.57 pg/mL and 79.70 ng/mL), and
Kosani¢ et al. (2011) reported the percentage of inhibition of
DPPH radicals by methanolic (73.18%), acetone (60.18%) and
aqueous (30.98%) extracts from H. physodes. Climatic conditions,
such as high light intensity, high temperature and air pollution,
have been shown to play important roles in the production of
lichen metabolites and to influence their biological properties
(Bartak et al. 2004; Weissman et al. 2006; Millot et al. 2007).
Thus, the biological properties of extract from the thalli of

H. physodes grown in Poland may differ from those of H. physo-
des in other countries, where the lichen may be exposed to other
environmental factors. According to the results of the present
study, the antioxidant activity of the acetone extract from H. phys-
odes was two to three times higher than that reported for metha-
nolic extract in previous studies (Stojanovi¢ et al. 2010; Mitrovic
et al. 2011). The strong antioxidant activity may be attributed to
its high content of polyphenols. Although the antioxidant proper-
ties of H. physodes were significant, those of the chemical stand-
ard BHA and vitamin C were stronger.

Conclusions

In summary, the results suggest that physodic acid and acetone
extract obtained from H. physodes have strong anticancer activity
in vitro. Previous studies examined the effects of physodic acid
and acetone extract in other cancer cell lines (Pavlovic et al. 2013;
Ari et al. 2014; Rankovi¢ et al. 2014). This is the first study to
investigate their cytotoxic activity in breast cancer cell lines
(MCF-7, T47D and MDA-MB-231). It should be stressed that
these substances showed pronounced activity against both oestro-
gen dependent (MCF-7 and T47D) and independent breast cancer
cells (MDA-MB-231). Although few therapeutic strategies for the
treatment of oestrogen dependent breast cancer focused on ERs
were developed; however, they are very often connected with
severe side effects. Moreover, the treatment of oestrogen inde-
pendent breast cancer is still connected with very high percent of
therapeutic failures, therefore presented in our paper compounds
should be further tested. Interestingly, although physodic acid dis-
played cytotoxic effects in the breast cancer cell lines, it was non-
toxic against the nontumorigenic MCF-10A cells at the tested
concentrations. The acetone extract from H. physodes possessed
significant antioxidant properties, possibly due to the high level of
polyphenols in the tested extract. Since it was presented is several
studies that polyphenolic antioxidants may dysregulate delicate
redox balance in cancer cell the pronounced antioxidant proper-
ties of physodic acid and the acetone extract obtained from H.
physodes could explain their cytotoxicity; however, this problem
should be subject of further research.
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