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The present study is focused on the antimicrobial, antioxidant, cytotoxic, and DNA protective effects of
methanol extract obtained from R. digitellata, R. fastigiata, R. fraxinea, and R. polymorpha species that are
distributed in Turkey. The highest total phenol content was determined in R. digitellata (144.6 mgGAE/gextract),
and the highest total amount of flavonoids was found in R. fastigiata (20.40 mgGAE/gextract). The content of usnic
acid was determined by High-Performance Liquid Chromatography (HPLC) and the highest amount was found in
R. digitellata. DPPH (1,1-diphenyl-2-picrylhydrazyl) and ABTS [2,2’-azinobis(3-ethylbenzathiazoline-6-sulfonic
acid)] radical scavenging methods were used for antioxidant activity. R. fraxinea showed the highest DPPH* and
ABTS+* scavenging activity. In addition, the DNA protective effect was investigated using pBR322 plasmid DNA,
and; all studied species were found to have DNA protective effects. The antibacterial activity was investigated
using the disc diffusion method, and the R. digitellata methanol extract showed the best results with a 12.35 mm
zone on Proteus mirabilis. On the human lung cancer (A549) and breast cancer (MDA-MB-231) cell lines, cytotoxic
activity was assessed using an MTT assay. All lichen extracts were found to have a significant cytotoxic effect on
both cancer cell lines at 1000 μg/mL concentration. These results suggest that Ramalina species may be potential
candidates for developing new phytopharmaceuticals and functional components.
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Introduction

Lichens are symbiotic associations composed of fungi
and photosynthetic algae.[1] Studies have determined
that lichens are a good source of natural
antioxidants.[2] Lichens synthesize various secondary
metabolites, many of which are unique.[3] Phenolics
are secondary metabolites of lichens that play a very
important role in the regulation of lichen growth and
development under stressful and unfavorable climatic
conditions.[4] Lichen phenolics consist of two mono-
cyclic phenols, such as usnic acid.[2] Among the
secondary metabolites, usnic acid is the most fre-
quently mentioned.[5] Usnic acid has antimicrobial
activity against human and plant pathogens. It has

also been reported to show antioxidant, antiprotozoal,
antiproliferative, anti-inflammatory, antitumor, analge-
sic, and antiviral activity.[6–8] In addition, the protective
effects of usnic acid against DNA damage have been
determined.[9] The effects of the compounds obtained
from lichens against UV rays were investigated and it
was stated that usnic acid was the best UV-filtering
agent.[10] Since its first isolation in 1844, usnic acid has
become the most studied lichen metabolite. Usnic
acid is an acid specific to lichens and is especially
found in genus such as Ramalina. Many lichens and
extracts containing usnic acid have been used in
medicinal, perfumery, cosmetic and ecological fields.[7]

Studies on lichen-specific metabolites in the Ramalina
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genus; showed that usnic acid is most commonly
found as a secondary metabolite in various species of
this genus.[11]

Ramalina Ach. is one of the cosmopolitan and
widely studied genera of lichen and includes about
250 species. Ramalina species are attached to the
substrate by a holdfast (basal) and are characterized
by a fruticose thallus.[8,12] In the studied species of the
Ramalina genus, primary and secondary metabolites
were found, such as salazinic acid, usnic acid, sekikaic
acid, etc. Ramalina species are used traditionally as
medicine, food, and spice. The biological activities of
Ramalina have been reported as anti-inflammatory,
antiviral, antimicrobial, antioxidant, enzyme inhibitor,
insecticide, cytotoxic, anthelmintic, and
immunostimulatory.[13]

Cancer is an important health problem worldwide.
It is the second leading cause of death.[14] Oxidative
stress is an important factor in the development of
many chronic diseases, such as cancer. Therefore,
antioxidant systems are very important for the
prevention of oxidative stress-induced diseases, espe-
cially cancer.[15] Free radicals, which are reactive oxy-
gen species (ROS), are constantly produced by bio-
logical systems. Antioxidants in the cells interact with
free radicals and neutralize them, thus maintaining
balance in the body.[16] Today, as the awareness of the
harms of synthetic substances increases, the tendency
towards natural products is also increasing. Therefore,
synthetic-origin antioxidants are less preferred. At the
same time, the number of alternatives that can be
used against bacteria that have become resistant to
existing antibiotics is decreasing day by day.

Here in, R. digitellata (Nyl), R. fastigiata (Ach.), R.
fraxinea (L.) Ach., and R. polymorpha (Lilja.) Ach. were
examined for their antioxidant, antimicrobial, and
cytotoxic properties, as well as the effects of methanol
extracts on DNA protection. HPLC was used to
measure the quantity of usnic acid in these four
Ramalina species distributed in Turkey. This research
examines the biological activity potential of various
Ramalina species from a broad perspective, and also
includes the first data for R. digitellata, which has no
biological activity data in the literature. As a result, the
goal of our study is to uncover lichens’ potential for
use in the health and food industries, as well as to
provide additional information on their usage as a
natural antioxidant source and traditional medicine.

Results and Discussion

Total Phenolic and Flavonoid Content

Extract yields were 21.3 %, 19.2 %, 25.5 %, and 22.15 %
for R. digitellata, R. fastigiata, R. polymorpha, and R.
fraxinea, respectively. The total phenolic and total
flavonoid contents of the extracts were determined
with spectrophotometric methods. R. digitellata (R1)
was found to have the highest phenolic content with
144.69�1.62 mgGAE/gextract. The highest total flavonoid
content was calculated as 20.40�0.59 mgCA/extract in R.
fastigiata (R2). The results are given in Table 1.

Determination of Usnic Acid Amount with
High-Performance Liquid Chromatography (HPLC)

Quantitative analyses of the extracts were performed
using HPLC and a PDA detector. The results are
presented in Table 2. The presence of usnic acid was
determined by comparison with the retention time
and UV spectrum of the original standard (Figure 1).
The retention time of usnic acid was determined to be
approximately 35.8 min. When compared to the liter-
ature, different retention times 9.75, 12.2, and 23.978
were observed in the studies, but it was predicted that
the method, column, and device differences would be
effective.[17–19]

Quantitative data were calculated with a calibration
curve (y=28861x � 198579, R2 =0.9986). R. digitellata
was found to be the extract with the highest amount
of usnic acid (1574.53�0.81 mg/gextract). On the other
hand, R. polymorpha was also found to be the lichen

Table 1. Total phenol and total flavonoid content of Ramalina
species.

Samples Total Phenol
[mgGAE/gextract]

Total Flavonoid
[mgCA/gextract]

R1 144.69�1.62 14.82�0.19
R2 139.92�23.04 20.40�0.59
R3 76.66�3.22 13.23�0.58
R4 76.51�0.71 17.14�0.27

R1: R. digitellata, R2: R. fastigiata, R3: R. polymorpha, R4: R.
fraxinea. Data are expressed as mean� standard error (n= 3)

Table 2. The amount of usnic acid in the lichen’s extracts.

Extracts Usnic acid (mg/gextract)

R1 1574.53�0.81
R2 1315.42�3.21
R3 114.16�14.74
R4 885.63�25.99
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extract with the lowest usnic acid content with
885.63�25.99 mg/gextract (Table 2).
R1: R. digitellata, R2: R. fastigiata, R3: R. polymor-

pha, R4: R. fraxinea. Data are expressed as mean�
standard error (n=3).

DPPH* Radical Scavenging Activity

The extracts scavenged the DPPH* at physiological pH
in a concentration-dependent manner. Extracts were
studied at concentrations of 0.125 mg/mL, 0.25 mg/
mL, 0.5 mg/mL, 1 mg/mL, 2 mg/mL, and 4 mg/mL and
percent inhibition values were calculated.

It was determined that at 4 mg/mL concentration,
R1, R3, and R4 extracts showed similar antioxidant
activity with statistical significance (p<0.01), but none
of them had antioxidant capacity as high as the
positive control BHT. However, when the R1, R3, and
R4 extracts were statistically evaluated except for the
R2 extract at 2 mg/mL concentration, it was found to
have an antioxidant effect with the same significance
as BHT (p<0.01) (Table 3). It was determined that the
extract with the lowest activity was the R2 extract.

ABTS+* Scavenging Activity

Extracts were studied at a concentration range of 2–
0.5 mg/mL in ABTS+* scavenging activity assay and
BHT was used as a standard (Table 4). When the
activities of the extracts at 2 mg/mL concentration
were evaluated, it was determined that R2, R3, and R4
were effective with the same significance as BHT.
However, none of the extracts were found to be as
effective as BHT especially at the lowest concentration
(0.5 mg/mL) studied (Table 4).

DNA Damage Protection Assay

The cleavage effect of the Ramalina methanol extracts
was assessed by the conversion of the plasmid DNA in
the supercoiled form (form I) to its open circular form
(form II), and the linear form (form III). The faster-
moving band corresponded to the native form of the
supercoiled DNA form (form I) and the slower-moving
faint band corresponded to the open circular form
(form II). The pBR322 ladder was clear in well 1, while
the pBR322 treated with UV and H2O2 revealed that
plasmid DNA was damaged in well 4. pBR322 treated
with Ramalina extracts in the exposure of H2O2 and UV

Figure 1. Chromatogram of R. digitellata extract.

Table 3. DPPH radical scavenging activity of Ramalina species.

Samples Inhibition%

4 mg/mL 2 mg/mL 1 mg/mL 0.5 mg/mL 0.25 mg/mL 0.125 mg/mL

R1 63.30�4.52** 66.53�2.51** 41.70�2.58 28.47�0.48 19.42�2.56 15.38�0.49
R2 50.66�5.17 62.82�2.00 52.18�4.77 35.32�4.72 21.97�5.84 13.77�5.71
R3 67.93�4.31** 64.45�2.94** 40.27�6.92 32.89�5.68 27.90�7.02 17.81�6.89
R4 67.06�3.03** 64.84�2.65** 54.46�4.02 47.77�6.89 31.74�5.31 18.01�6.34
BHT 85.4�3.02*** 82.3�3.01** 78.8�3.8** 66.0�4.5** 55.08�3.2 40.59�5.4

Values are given as mean � standard errors (n =3), statistical analyses by the Games Howell comparison test. * p<0.05; ** p<0.01;
*** p<0.001. R1: R. digitellata, R2: R. fastigiata, R3: R. polymorpha, R4: R. fraxinea.

Table 4. ABTS radical scavenging activity of Ramalina species.

Samples TEAC (mmol/L Trolox)
0.5 mg/mL 1 mg/mL 2 mg/mL

R1 1.04�0.29c 1.36�0.42c 1.71�0.42b

R2 1.24�0.36c 1.74�0.41b 2.29�0.40 a

R3 0.86�0.14d 1.55�0.24b 2.14�0.28 a

R4 1.30�0.17c 2.24�0.25a 2.45�0.03 a

BHT 2.50�0.1a 2.55�0.8a 2.5�0.9a

Values are given as mean � standard errors (n =3), statistical
analyses by the Tukey comparison test. The same lowercase
letters (a–d) are not significantly (p>0.05) different. R1: R.
digitellata, R2: R. fastigiata, R3: R. polymorpha, R4: R. fraxinea,
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irritation results are demonstrated in wells 5–8. The
UV irradiation of DNA in the presence of H2O2 (well 4)
caused the cleavage of form I to give form II and the
linear form (form III), indicating that OH was generated
by UV-photolysis of H2O2 produced DNA strand
scission. The addition of Ramalina extract (lanes 5 to 8)
to the reaction mixture suppressed the formation of
linear DNA and induced a partial recovery of super-
coiled DNA. The result of our DNA protective activity
determination is shown in Figure 2. It was shown in
previous studies that different lichen species have
DNA protective activity.[20,21] In the presence of H2O2,
exposure of DNA to UV rays causes breaks in super-
coiled circular DNA and one or more breaks in the
linear DNA chain, and the density and progression
change.[22]

Antimicrobial Activity Assay

The Ramalina extracts were screened for antimicrobial
activity against Gram-negative bacteria, Gram-positive
bacteria, and fungal strains by disc diffusion method.
Table 5 shows the IZ (Inhibition Zone) values (mm) of
the compounds. Ampicillin and nystatin were used as
a positive (+) control, respectively for bacterial and
fungal strains and DMSO was used as a negative (� )
control. Ramalina methanol extracts inhibited the
bacterial strains with zones of inhibition ranging from
7.0 to 12.35 mm for Gram (+) and Gram (� ) bacteria.
However, for fungal strains, there was no antifungal
activity of the Ramalina extracts. The most effective
extract, according to the examination of antimicrobial
activity, was R. digitellata, whereas R. fastigiata was the
least effective. No antibacterial or antifungal activity
was observed for E. aerogenes, B. subtilis, and C.
albicans.[23] While the 12.35 mm zone diameter of the
R1 extract was measured against P. mirabilis, the 7.0,
7.3, and 7.0 mm zone diameter of the R1, R2, and R4
extracts were determined against Gram-negative S.
aureus.

Determination of Cell Viability on A549 and
MDA-MB-231 Cell Lines

The cytotoxic effects of the extracts obtained from
Ramalina species were tested with the A549 and MDA-
MB-231 cell lines. Samples were studied at concen-
trations of 3.906 μg/mL, 7.8125 μg/mL, 15.625 μg/mL,
31.25 μg/mL, 62.5 μg/mL, 125 μg/mL, 250 μg/mL,
500 μg/mL, and 1000 μg/mL. The viability of the
control group was accepted as 100 % and the toxicity
of the extracts on the cells was calculated as a
percentage (%). The results are given in Figures 3 and
4.

Figure 2. line 1) PBR322 ladder, line 2) pBR322/UV, line 3)
pBR322/H2O2, line 4) pBR322/UV+H2O2, line 5) pBR322 and R1
extract/UV+H2O2, line 6) pBR322 and R2 extract/UV+H2O2,
line 7) pBR322 and R3 extract/UV+ H2O2, line 8) pBR322 and R4
extract/UV+H2O2. R1: R. digitellata, R2: R. fastigiata, R3: R.
polymorpha, R4: R. fraxinea.

Table 5. Antimicrobial activity (mm) of methanol extract of Ramalina species (20 mg/mL) against tested bacteria and fungus using
disc diffusion methods.

Microorganism R1 R2 R3 R4 (� ) Negative
Control

Control
ampicillin

(nystatin)

E. coli – – 10.1�0.15a – – 14.1�0.15b

P. mirabilis 12.35�0.1a – 7.4�0.2b – – 37.15�0.65c

M. luteus – – 10.01�0.15a 10.0�0.4a – 32.75�0.15b

E. aerogenes – – – – 11.4�0.25
S. aureus 7.0�0.1a 7.3�0.17a – 7.0�0.5a – 19.0�0.3b

B. subtilis – – – – – 12.2�0.15
C. albicans – – – – – 15.1�0.4

Values are given as mean � standard errors (n =3), statistical analyses by the Tukey comparison test. The same lowercase letters
(a–c) are not significantly (p>0.05) different. R1: R. digitellata, R2: R. fastigiata, R3: R. polymorpha, R4: R. fraxinea.
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In the A549 cell lines, it was determined that R2
was the most effective extract among all Ramalina
species. However, the cytotoxic activity of R3 and R4 in
this cell lines was quite weak. At 1000 μg/mL concen-
tration, all extracts were found to be significantly
effective in the A549 cell lines (p<0.001).

In MDA-MB 231 cell lines, it was observed that all
extracts at 250–1000 μg/mL concentration decreased
cell viability below 50 %. While R2 was found to be the
most effective extract in this cell lines, it was observed
that R3 significantly inhibited viability between
15.625–1000 μg/mL concentrations. It was determined
that the R1, R2, and R4 extracts could not show a
significant effect on reducing cell viability, especially at
decreasing concentrations (3.906–125 μg/mL). As a
result, it was observed that R1, R2, R3, and R4 extracts
were more effective in MDA-MB 231 cell lines (Table 6).

Lichens are complex organisms that exist through a
symbiotic relationship between fungi (mycobiont) and
algae or cyanobacteria (photobiont). There are cur-

rently about 20 000 species of lichens worldwide.
Many studies are being conducted on the newly
discovered medicinal benefits of these organisms.
These long-lived organisms grow slowly and produce
many bioactive compounds to survive in extreme
conditions.[24] Ramalina is a fruticose lichen and there
are many studies on its biological activities.[8,11,25–27] In
this study, the in vitro antimicrobial, antioxidant, and
cytotoxic effects of four different Ramalina species
were evaluated and the quantification of the active
compound usnic acid, which is thought to be respon-
sible for these effects, was performed.

Total phenol and flavonoid contents of four differ-
ent Ramalina species were measured using spectro-
photometric techniques. R. digitellata had the highest
phenolic content, while R. fastigiata had the highest
flavonoid content (Table 1). In a study, the biopharma-
ceutical potentials of acetone extracts of R. fastigiata
and R. fraxinea species were evaluated and the total
phenol content for both lichens was calculated as
pyrocatechol (PE) equivalent. Total phenol content
was determined as 33.49 μg PE/mgextract for R.
fastigiata and 32.63 μg PE/mgextract for R. fraxinea.[28] In
another study, the total phenol content of methanol
extracts of R. farinacea, R. fastigiata, and R. fraxinea was
evaluated. While R. fastigiata (428.3�13.6 mg GAE
100/g) had the highest total phenol content, it was
found to be 103.3�0.9 mg GAE 100/g for R.
fraxiena.[16] In our study, the phenol content of R.
fastigiata methanol extract was found to be 139.92�
23.04 mgGAE/gextract, and for R. fraxiena 76.51�
0.71 mgGAE/gextract. Considering these results, extrac-
tion methods and experimental procedures may cause
differences in the results obtained. In addition,
depending on the habitat and climatic conditions of
lichen specimens, changes in their chemical content
can be observed.

Among the secondary metabolites of lichens, the
most common and most extensively studied substance

Figure 3. Values (μg/mL) are given as mean � standard errors
(n =3), statistical analyses by the Games Howell comparison
test. *** p<0.001; ** p<0.01; * p<0.05. R1: R. digitellata, R2: R.
fastigiata, R3: R. polymorpha, R4: R. fraxinea.

Figure 4. Values (μg/mL) are given as mean � standard errors
(n =3), statistical analyses by the Games Howell comparison
test. *** p<0.001; ** p<0.01; * p<0.05 R1: R. digitellata, R2: R.
fastigiata, R3: R. polymorpha, R4: R. fraxinea.

Table 6. IC50 values of cytotoxic activity of Ramalina species on
A549 and MDA-MB-231 cell lines.

Samples IC50 (μg/mL)
A549 MDA-MB-231

R1 372.96�32.19 101.37�9.07
R2 225.71�19.39 67.02�1.85
R3 470.80�18.17 76.35�7.54
R4 467.53�5.09 142.57�3.62

Values are given as mean � standard errors (n =3), R1: R.
digitellata, R2: R. fastigiata, R3: R. polymorpha, R4: R. fraxinea.
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is usnic acid and it has many biological activities. In
the present study, the extracts of lichen samples were
evaluated in terms of usnic acid content by the HPLC
method. As a result, the highest amount of usnic acid
was detected in R. digitellata (1574.53�0.81 mg/
gexract). A study in which the usnic acid amounts of
some Ramalina species (R. fastigiata, R.capitata, R.
polymorpha, R. pollinaria, and R. fraxinea) were
determined by HPLC was carried out by Cansaran et al
(2007).[17] The usnic acid content of R. fastigiata and R.
fraxinea was calculated as% 3.23�0.16 and% 0.13�
0.01 in dry weight, respectively.[17]

The DPPH* scavenging method is a rapid method
for evaluating the free radical scavenging effect of
extracts. The extracts were compared with BHT at
different concentrations and evaluated in terms of
antioxidant capacity. As a consequence, no extract was
found to be as effective as positive control BHT.
However, when statistically evaluated, R1, R3, and R4
were found to be effective with the same significance.
R2 extract, on the other hand, was recorded as the
extract with the lowest DPPH* scavenging activity.
Güllüce et al. (2006) studied the antimicrobial and
antioxidant activity of some lichen methanol extracts,
including R. polymorpha.[29] Researchers examined
antioxidant activity using the DPPH* and linoleic acid
oxidation techniques, however, neither approach
revealed any action in R. polymorpha.[29] In our
investigation, however, R. polymorpha exhibited con-
centration-dependent activity in the 0.5–4 mg/mL
concentration range. According to the results of the
DPPH* experiment conducted by Soundararajan et al.
(2019) with the acetone extract of R. fastigiata, 41.84 %
to 61.93 % inhibition was found in the concentration
range of 20–100 μg/mL.[23] According to the results of
this research, the methanol extract of R. fastigiata
showed inhibition in the range of 13.77 % to 62.82 %.
Although differing extract production techniques in-
evitably created a variance in activity results when the
two trials were compared, a dose-related increase in
potency is interpreted.

The ABTS+*/TEAC technique is one of the most
used methods for measuring antioxidant levels.[30] The
test is valid for both lipophilic and hydrophilic
compounds. Trolox is the water-soluble acid of vitamin
E and is used as a reference standard. In the ABTS+*

experiment, the radical scavenging effect of extracts
and standards was investigated at three different
concentrations of 0.5, 1, and 2 mg/mL. In the ABTS+*

scavenging activity assay, when all concentrations
were examined, R. fraxinea was determined as the
most active species. It was seen that the antioxidant

activity increased, depending on the concentration.
R2, R3, and R4 extracts at a concentration of 2 mg/mL
were statistically determined to have the same signifi-
cance as BHT in terms of activity (p>0.05). In the
study of Oran et al. (2012) with methanol and acetone
extracts of six lichen species, including R. farinacea
and R. fastigiata, the total phenol content and the
antioxidant capacity of the extracts using the ABTS
method were investigated.[31] According to the results
of the study, it was reported that the methanol extract
of R. fastigiata exhibited the highest antioxidant
activity with a value of 154.3�0.2 mg Trolox/10 g.[31]

The antioxidant activity of R. fastigiata was shown to
be strong with a 1.74�0.41 mmol/L/Trolox value at
1 mg/mL concentration in the findings of our inves-
tigation. According to Sahin et al.’s (2015) study on the
total phenol content and antioxidant activities of R.
fastigiata, R. farinecea, and R. fraxinea extracts pre-
pared with various solvents, the methanol extract of R.
fastigiata had the highest total phenol content
(428.3�13.6 mg GAE 100/g) and it was determined
that it had the highest ABTS+* scavenging activity
with a value of 439.3�3.3 mg TE 100/g.[25] In the same
study, Şahin et al. reported 130.3�0.9 mg GAE 100/g
phenol for the total phenol content of the methanol
extracts of R. fraxinea and 212.1�1.2 mg TE 100/g for
ABTS+* scavenging activity. Our analyses revealed that
the total phenol content of the same species was
found to be 76 mgGAE/gextract and the TEAC value was
224 mmol/L Trolox, and it was determined as the
species with the highest antioxidant effect. Sahin et al.
stated that the phenolic groups in lichen metabolites
can be considered a key factor responsible for the
antioxidant effects, but the interactions of different
secondary metabolites may also have antagonistic and
synergistic effects.[25]

Plasmid DNA (pBR322) was used to determine the
DNA protective activities of R. digitellata, R. fastigiata,
R. polymorpha, and R. fraxinea samples. PBR322 is
available in three different forms, form I, form II, and
form III. Form I represent the supercoiled structure and
form II represents the open ring structure. Form III, on
the other hand, is the name given to plasmid DNA in a
linear structure that occurs only as a result of breaking
the double strand in plasmid DNA. When PBR322 was
treated with UV and H2O2, changes in the activity and
density of Form II and Form I were observed in DNA.
The concentration of the form I structure decreased,
and the density of the form II structure increased.
Depending on the fractures, the form III structure was
exposed. As a result of interaction with lichen extracts,
the damage caused by UV and H2O2 was eliminated,
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as in the control group (Figure 2). According to this
method, it was determined that other lichen extracts,
except for the R. polymorpha sample, showed DNA
protective activity against UV and H2O2. Considering
the antioxidant activities of Ramalina species, the
strong DNA protective effects show that these species
are potential candidates for evaluation in the pharma-
ceutical and cosmetic industries.

According to the literature review, it was deter-
mined that the antibiotic activity for lichens was
generally caused by usnic acid. Usnic acid, an anti-
microbial agent, has activity against Gram (� ) bacteria
and mycobacteria. In addition to antimicrobial activity
against human and plant pathogens, usnic acid has
been reported to exhibit antiprotozoal, antiprolifera-
tive, anti-inflammatory, analgesic, and antiviral
activity.[7] The highest activity for the extracts of the
Ramalina species tested in our antimicrobial study was
observed on the P. mirabilis bacterial strain, which is
Gr (� ) bacteria with an inhibition diameter of
12.35 mm of R. digitellata. In addition, an inhibition
diameter of 7.0 mm was observed on S. aureus, which
is a Gr (+) bacterium. The maximum antibacterial
impact was reported in R. digitellata, which has the
largest quantity of usnic acid in our research. Our
results are compatible with the literature. Soundarar-
ajan et al. (2019) evaluated the in vitro antimicrobial
and antioxidant potential of R. fastigiata and acetone
extract of R. fastigiata at 75 μl/mL showed no inhib-
ition against S. aureus, E. coli, P. vulgaris, K. pneumonia,
and C. albicans, but exhibited inhibitory ability against
Candida krusei.[23] Similarly, no suppression of C.
albicans was seen in any lichen extract in our
investigation.

The results of the cytotoxic activities of the studied
lichen extracts and the values for the tested cell lines
are summarized in Figures 2 and 3. When the cytotoxic
effects of Ramalina species on the A549 and MDA-MB-
231 cell lines at 1000 μg/mL were compared, it was
found that the species were effective on both cell
lines, but their cytotoxic effects on MDA-MB-231 were
much higher. The effect of R. fraxinea on both cancer
types was also found to be lower when compared to
other Ramalina species. Likewise, the total phenol and
usnic acid amounts of R. fraxinea are at the lowest
level compared to other species.

The cytotoxic effects of different Ramalina species
on various cell lines have been previously studied. The
extracts of R. cuspita were determined by the MTT
method to be highly effective in murine and human
cancer cell lines, and it was determined that R.
glaucescens was cytotoxic in the P388 murine leukemia

cell lines. It was also found that R. farinacea was to be
highly toxic against Vero cells.[12] In a study investigat-
ing the cytotoxic effects of R. polymorpha on the Vero
cell lines, it was stated that the ethanol extract was
not toxic below 50 μg/mL.[32] In another study, the
cytotoxic effects of acetone extracts of the two species
R. fraxinea and R. fastigiata were tested in the human
epithelial carcinoma (HeLa), human lung carcinoma
(A549), and human colon carcinoma (LS174) cell lines.
According to the results, it was determined that it
showed strong activity in both species and IC50 values
were found between 24.63 and 161.37 μg/mL.[28] In
our study, the IC50 values obtained for R. fastigiata and
R. fraxinea were 225.71�19 and 467.53�5.09 μg/mL
for the A549 cell lines, respectively. The IC50 values
calculated for the MDA-MB231 cell lines were 67.02�
1.85 and 142.57�3.62 μg/mL for R. fastigiata and R.
fraxinea, respectively.

Conclusions

Cancer is currently one of the top causes of mortality.
For this reason, studies on cancer are increasing day
by day and the search for effective treatment contin-
ues. In addition to effective treatment, the main goal is
to seek to reduce side effects. There are several
approaches to reducing the threat posed by cancer.
Considering the biodiversity offered by nature, discov-
ering various chemicals to be determined by content
analysis may lead to new opportunities for cancer
treatments. It is known that lichens have been used as
an additive to folk remedies for years. It has been used
in folk medicine to treat diseases in many cultures.[33]

Although studies on content analyses and biological
activities of plant-derived products are generally
carried out in literature studies, biological activity
studies on lichens are very few. In our study, it was
investigated whether there was a correlation between
the amount of usnic acid and the activity experiments.
A positive correlation was found with cytotoxic activity
only in the A549 cell lines. In the MDA-MB-231 cell
lines, no linearity was detected between cytotoxic
effect, antioxidant, and antimicrobial activity. It was
interpreted that not only usnic acid is responsible for
the activity, but also other secondary metabolites
contained in the Ramalina species contribute to the
activity. Within the scope of our study, it was
determined that the Ramalina species showed stron-
ger toxicity to the MDA-MB-231 cell lines, and it was
aimed to determine the compounds responsible for
this activity with more detailed studies.
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Experimental Section

Lichen Material and Reagents

Lichen samples collected from 4 different localities
during field studies were identified according to their
morphological and anatomical features using determi-
nation keys.[34–36] In addition, the collected and
identified specimens are preserved in the Lichen
Herbarium of Yozgat Bozok University.

The Locality Information and Herbarium Numbers of
Ramalina Species

R. digitellata: Turkey, Sinop, northwest of İnce Burun,
on siliceous rocks, 42° 01’ 57’’ N, 35° 11’34’’ E. 130 m.,
25. 09. 2018, [ZK1002], Collector & determine: Zekiye
KOCAKAYA; R. fastigiata: Turkey, Yozgat, Çamlık Na-
tional Park, 39° 48’ 20.9’’ N, 34° 48’ 51.7’’ E, 1490 m.,
25. 09. 2018, [ZK1003], Collector & determine: Zekiye
KOCAKAYA; R. fraxinea: Turkey, Çorum, Laçin, 40° 45’
750’’ N, 34° 52’ 103’’ E, 923 m., 26. 08. 2018, [ZK1004],
Collector & determine: Zekiye KOCAKAYA; R. polymor-
pha: Turkey, Yozgat, Çamlık National Park, 39° 47’
77.9’’ N, 34° 49’ 29.7’’ E 1650 m., 25. 09. 2018, [ZK1005],
Collector & determine: Zekiye KOCAKAYA.

Preparation of the Extracts

After collecting and drying, lichen samples (R. digitella-
ta (4.90 g), R. fastigiata (1.70 g), R. fraxinea (4.11 g),
and R. polymorpha (5.46 g)) which were roughly
pulverized were extracted using 80 % methanol.
Lichen samples treated with solvent for 8 h for 3 days
were filtered at the end of each day. After the filtrates
were combined, they were removed from their
solvents with the evaporator under a vacuum at 37 °C.
The extracts obtained were powdered with the help of
a lyophilized and stored at � 20 °C for later use during
the analysis.

Total Phenolic and Flavonoid Content

Total phenol and flavonoid content were calculated as
gallic acid equivalents (GAE) and catechin (CA) equiv-
alents, respectively. The Folin-Ciocalteu technique was
used to determine the total quantity of phenolic
compounds in the extracts.[37] Total flavonoid content
was established using a colorimetric aluminum
chloride assay.[38]

Determination of Usnic Acid Amount with High-Perform-
ance Liquid Chromatography (HPLC)

HPLC studies were carried out using a Shimadzu LC-
20AT system equipped with a Photodiode-Array (PDA)
Detector. A reverse-phase Mediterranean C18 analyt-
ical column (250 × 4.6 mm i.d., 5 μm particle size) was
used. Samples were prepared at 1 mg/mL concentra-
tion. The mobile phase was MeOH/H2O/H3PO4
(75 : 25:0.9, v/v/v). Usnic acid content was detected in
the samples by comparing their retention time and UV
spectra to those of the reference usnic acid. Triplicate
injections of the standard and sample solutions were
administered.

DPPH* Scavenging Activity

The DPPH* scavenging capacity of extracts was
investigated by using the Gyamfi et al. technique.[39] In
MeOH, 50 μL of the extract was blended with 450 μL
of Tris-HCl buffer and 1.0 mL of 0.1 mM DPPH*. Then,
the mixture was allowed to stand at room temperature
for 30 min in the dark. At 517 nm, the absorbance of a
mixture was recorded (UV-1800, Shimadzu Corpora-
tion, Kyoto, Japan). Average results for triplicate
analysis are shown as % inhibition values. As a positive
control, butylated hydroxytoluene (BHT) was utilized.

ABTS+* Scavenging Activity

The ABTS+* scavenging activity of extracts was
determined using the technique described by Re
et al.[37] For the preparation of ABTS+* (7 mM), ABTS+*

aqueous solution and K2S2O8 (2.45 mM, final concen-
tration) were mixed and incubated in the dark for 12–
16 h. The absorbance at 734 nm was adjusted to 0.700
(�0.030). Extracts were evaluated at 0.5 mg/mL, 1 mg/
mL, and 2 mg/mL concentrations. The samples (10 μL)
were combined with the radical solution (990 μL), and
the reaction kinetics were monitored at 734 nm at
1-min intervals for 30 min. As a positive control,
butylated hydroxytoluene (BHT) was utilized. The
percentage inhibition was computed against the
concentration to be equal to Trolox (TEAC).

DNA Damage Protection Assay

The plasmid DNA (PBR322) damage inhibition activity
of the Ramalina extracts was performed as a modifica-
tion of the previously described.[40] The DNA damage
was induced using OH radicals produced from the
H2O2 with a UV-radical system and performed on
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agarose gel electrophoresis. The experiments were
performed in a volume of 10 μL in a micro-tube
containing 4 μL of PBR322, 5 μL of Ramalina extracts
(50 μg/mL), and 1 μL of H2O2. The reaction tubes were
UV irradiated using a UV transilluminator for 5 min at
24 °C. One control group contained only unprocessed
DNA, while the other control group contained DNA
and H2O2 without the Ramalina extract. The samples
were incubated at 37 °C for 2 h. About 1.5 % agarose
gel was prepared in TAE (Tris-acetate-EDTA) buffer,
and 2 μg/mL Lethidium bromide was added for DNA
staining. Electrophoresis was carried out at 90 V for 1.5
h in a TAE buffer. The Fragments were visualized by
ultraviolet illumination with a Bio-Rad Molecular
Imager ChemiDoc XRS system (BioRad).

Antimicrobial Activity Assay

The antimicrobial activity of the Ramalina extracts was
tested against Gram-negative (Proteus mirabilis
ATCC25933, Escherichia coli ATCC25922, Enterobacter
aerogenes ATCC 13048), Gram-positive (Bacillus subtilis
ATCC6633, Micrococcus luteus ATCC10240, and Staph-
ylococcus aureus ATCC25923) and one yeast (Candida
albicans ATCC 90028) using disc diffusion method. The
microbial inoculum was cultivated for 24–48h on MHA
medium at 37 °C (for bacteria) or Sabouraud Dextrose
Agar (SDA) medium at 28 °C (for fungi). The inoculum
was then adjusted to the optical density of a 0.5
McFarland standard of turbidity. Then 100 μL micro-
organisms (approximately 1.5 x108 CFU/mL) were
placed in a plate with Mueller Hinton Agar (MHA)
medium for bacteria and SDA medium for yeast. Then
sterile (Oxoid; 6 mm in diameter) discs were placed on
the agar medium, onto which 20 μL of the Ramalina
extract was applied. 0.1 % DMSO was chosen as a
negative control for bacteria and yeast.
Ampicillin(amp) was chosen as a positive control for
bacteria and nystatin for yeast. These agar plates were
kept in an incubator for 18–24 h for bacteria at 37 °C
and 48–72 h for fungi at 28 °C. Then the diameters of
the inhibition zones around the six discs were
measured in millimeters. All plates were done in
triplicate to obtain reliable data.

Cell Culture

The American Type Culture Collection provided A549
(ATCC CCL-185, Human Lung Cancer Cell Series) and
MDA-MB-231 (ATCC HTB-26, Human Breast Cancer Cell
Series) for this research (Manassas, VA, USA). A549 was
cultivated at the Roswell Park Memorial Institute and

while MDA-MB-231 was cultivated in Dulbecco’s
Modified Eagle’s Medium, it was supplemented with
1 % penicillin, streptomycin, and 10 % fetal bovine
serum (GibcoInvitrogen, Grand Island, NY, USA).
Cultures were maintained at 37 °C in 5 % CO2 and 95 %
air.

Determination of Cell Viability on the A549 and MDA-
MB-231 Cell Lines

Cytotoxicity assay was assessed on the A549 and
MDA-MB-231 cell lines using the 3-[4,5-dimeth-
ylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
colorimetric method. Cells were seeded into 96-well
plates at a density of 1 × 105 cells per well in 100 μL.
Extracts were made ready at a concentration of 4 mg/
mL in a cell culture medium containing 1 % dimethyl
sulfoxide. In addition, only DMSO was applied to a
group of cells on the plate for solvent control
purposes (DMSO<0.5 %). The supernatant of the cells
was discarded after 24 h of incubation and extracts
(3.9; 7.8; 15.6; 31.25; 62.5; 125; 250; 500, and 1000 μg/
mL) were applied to the wells as 100 μL. Another 24-h
incubation was performed, and the wells were
emptied at the end of the period. The MTT solution in
PBS (0.5 mg/mL) was prepared. After diluting the MTT
solution with 1/10 of the culture medium, 100 μL was
applied to the wells. The wells were drained after 3 h
and 100 μL DMSO was added. Lastly, the absorbance
was quantified utilizing ELISA (Bio-Rad Laboratories
Inc., USA) at 540 nm wavelength. Three replicated
experiments were conducted, and the findings are
shown as mean standard deviation.

Statistical Analysis

Multiple groups were subjected to a one-way analysis
of variance. At the P<0.05 level, the Games-Howell,
and Tukey tests were used for multiple comparison
testing. For variance homogeneity, the Levene test
was used. Nonlinear regression curves were used to
determine IC50 values (Sigma Plot 2001 version 7.0,
SPSS Inc., Chicago IL).

Acknowledgements

This study was financially supported by a Yozgat
Bozok University project with project number 6601-
FBE/19-324.

Chem. Biodiversity 2023, 20, e202200816

www.cb.wiley.com (9 of 11) e202200816 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Freitag, 13.01.2023

2301 / 280994 [S. 565/567] 1

 16121880, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202200816 by B

otanical Institute O
f T

he, W
iley O

nline L
ibrary on [26/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

www.cb.wiley.com


Conflict of Interest

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Author Contribution Statement

Z.K. collected and identified lichen samples. Z.K. S.İ
and S.K.Y did the extractions of the samples. Z.K. and
G.Ş.K designed the study, Z.K., G.Ş.K, S.İ and A.C. wrote
and critically reviewed the article. S.İ and S.K.Y
conducted studies on total phenol, flavonoid, antiox-
idant and cytotoxic activity, S.İ and S.K.Y made the
interpretations of the analyzes. A.C., Z.K. and S.K.Y did
DNA protective effects and antimicrobial activity
studies, A.C. and Z.K made the interpretations of the
analyzes. G.Ş.K. did the statistical analysis. HPLC
analysis was done with service purchase, Z.K. S.İ. and
G.Ş.K interpreted the analyzes. All authors checked
and approved the final version of the article.

References
[1] S. Sharnoff, ‘A field guide to California lichens’, Yale

University Press, 2014.
[2] M. Kosanic, B. Ranković, ‘Studies on Antioxidant Properties

of Lichen Secondary Metabolites. In: Ranković B. Lichen
Secondary Metabolites Bioactive Properties and Pharma-
ceutical Potential’, Springer International Publishing 2015,
105–125. https://doi.org/10.1007/978-3-319-13374-4_4.

[3] B. Ranković, ‘Lichen secondary metabolites’, Springer,
London, 2015. https://doi.org/10.1007/978-3-319-13374-4.

[4] J. Kumar, P. Dhar, A. Tayade, D. Gupta, O. Chaurasia, D.
Upreti, R. Arora, R. B. Srivastava, ‘Antioxidant capacities,
phenolic profile and cytotoxic effects of saxicolous lichens
from trans-Himalayan cold desert of Ladakh’, PLoS One
2014, 9, e98696. https://doi.org/10.1371/journal.pone.
0098696.

[5] B. Paudel, H. Bhattarai, H. Y. Koh, S. G. Lee, S. Han, H. Lee,
H. Oh, H. Shin, J. Yim, ‘Ramalin, a novel nontoxic
antioxidant compound from the Antarctic lichen Ramalina
terebrata’, Phytomedicine 2011, 18, 1285–1290. https://doi.
org/10.1016/j.phymed.2011.06.007.

[6] M. Cocchietto, N. Skert, P. L. Nimis, ‘A review on usnic acid,
an interesting natural compound’, Naturwissenschaften
2002, 89, 137–146. https://doi.org/10.1007/s00114-002-
0305-3.

[7] K. Ingolfsdottir, ‘Molecules of interest usnic acid’, Phyto-
chemistry 2002, 61, 729–736. https://doi.org/10.1016/
S0031-9422(02)00383-7.

[8] A. S. Moreira, R. Braz-Filho, V. Mussi-Dias, I. Vieira,
‘Chemistry and Biological Activity of Ramalina Lichenized
Fungi’, Molecules 2015, 20, 8952–8987. https://doi.org/10.
3390/molecules20058952.

[9] L. F. Leandro, C. C. Munari, V. L. F. L. Sato, J. M. Alves,
P. F. O. Oliveira, D. F. P. Mastrocola, S. P. L. Martins, T. S.
Moraes, A. I. Oliveira, M. G. Tozatti, W. R. Cunha, D. C.
Tavares, ‘Assessment of the genotoxicity and antigenotox-
icity of (+) -usnic acid in V79 cells and Swiss mice by the
micronucleus and comet assays’, Mutat. Res. 2013, 753,
101–106. https://doi.org/10.1016/j.mrgentox.2013.03.006.

[10] F. Rancan, S. Rosan, K. Boehm, E. Fernández, M. Hidalgo, W.
Quihot, C. Rubio, F. Boehm, H. Piazena, U. Oltmanns,
‘Protection against UVB irradiation by natural filters
extracted from lichens’, Journal of Photochemistry and
Photobiology 2002, 68, 133–139. https://doi.org/10.1016/
S1011-1344(02)00362-7.

[11] S. Şahin, S. Oran, P. Şahintürk, C. Demir, Ş. Öztürk,
‘Ramalina Lichens and Their Major Metabolites as Possible
Natural Antioxidant and Antimicrobial Agents’, J. Food
Biochem. 2015, 39, 471–477. https://doi.org/10.1111/jfbc.
12142.

[12] S. Oh, X. Y. Wang, L. S. Wang, P. Liu, J. Hur, ‘A note on the
lichen genus Ramalina (Ramalinaceae, Ascomycota) in the
Hengduan Mountains in China’, Mycobiology 2014, 42,
229–240. https://doi.org/10.5941/MYCO.2014.42.3.229.

[13] T. R. Prashith-Kekuda, K. S. Vinayaka, ‘Secondary Metabo-
lites from Lichen Genus (Ramalina Ach.): Applications and
Biological Activities’, In Assessment of Medicinal Plants for
Human Health (pp. 203–228), Apple Academic Press 2020.
https://doi.org/10.1201/9780429328541-17.

[14] R. L. Siegel, K. D. Miller, A. Jemal, ‘Cancer statistics, 2019’,
CA: a cancer journal for clinicians, 69, 7–34. https://doi.org/
10.3322/caac.21551.

[15] A. Giudice, ‘Montella, M. Activation of the Nrf2-ARE signal-
ing pathway: A promising strategy in cancer prevention’,
BioEssays 2006, 28, 169–181. https://doi.org/10.1002/bies.
20359.

[16] S. Prasad, S. C. Gupta, A. K. Tyagi, ‘Reactive oxygen species
(ROS) and cancer: Role of antioxidative nutraceuticals’,
Cancer Lett. 2017, 387, 95–105. https://doi.org/10.1016/j.
canlet.2016.03.042.

[17] D. Cansaran, O. Atakol, M. G. Halici, A. Aksoy, ‘HPLC-
Analysis of Usnic Acid in Some Ramalina Species From
Anatolia and Investigation of Their Antimicrobial Activities’,
Pharmaceutical Biology 2007, 45, 77–81. https://doi.org/10.
1080/13880200601028503.

[18] A. Hawrył, M. Hawrył, A. Hajnos-Stolarz, J. Abramek, A.
Bogucka-Kocka, Ł. Komsta, ‘HPLC fingerprint analysis with
the antioxidant and cytotoxic activities of selected lichens
combined with the chemometric calculations’, Molecules
2020, 25, 4301.

[19] M. Kosanić, N. Manojlović, S, Janković, T. Stanojković, B.
Ranković, ‘Evernia prunastri and Pseudoevernia furfuraceae
lichens and their major metabolites as antioxidant, anti-
microbial and anticancer agents’, Food Chem. Toxicol.
2013, 53, 112–118.

Chem. Biodiversity 2023, 20, e202200816

www.cb.wiley.com (10 of 11) e202200816 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Freitag, 13.01.2023

2301 / 280994 [S. 566/567] 1

 16121880, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202200816 by B

otanical Institute O
f T

he, W
iley O

nline L
ibrary on [26/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/978-3-319-13374-4_4
https://doi.org/10.1007/978-3-319-13374-4
https://doi.org/10.1371/journal.pone.0098696
https://doi.org/10.1371/journal.pone.0098696
https://doi.org/10.1016/j.phymed.2011.06.007
https://doi.org/10.1016/j.phymed.2011.06.007
https://doi.org/10.1007/s00114-002-0305-3
https://doi.org/10.1007/s00114-002-0305-3
https://doi.org/10.1016/S0031-9422(02)00383-7
https://doi.org/10.1016/S0031-9422(02)00383-7
https://doi.org/10.3390/molecules20058952
https://doi.org/10.3390/molecules20058952
https://doi.org/10.1016/j.mrgentox.2013.03.006
https://doi.org/10.1016/S1011-1344(02)00362-7
https://doi.org/10.1016/S1011-1344(02)00362-7
https://doi.org/10.1111/jfbc.12142
https://doi.org/10.1111/jfbc.12142
https://doi.org/10.5941/MYCO.2014.42.3.229
https://doi.org/10.1201/9780429328541-17
https://doi.org/10.3322/caac.21551
https://doi.org/10.3322/caac.21551
https://doi.org/10.1002/bies.20359
https://doi.org/10.1002/bies.20359
https://doi.org/10.1016/j.canlet.2016.03.042
https://doi.org/10.1016/j.canlet.2016.03.042
https://doi.org/10.1080/13880200601028503
https://doi.org/10.1080/13880200601028503
www.cb.wiley.com


[20] A. Russo, M. Piovano, L. Lombardo, J. Garbarino, V. Cardile,
‘Lichen Metabolites Prevent UV Light and Nitric Oxide-
Mediated Plasmid DNA Damage and Induce Apoptosis in
Human Melanoma Cells’, Life Sci. 2008, 83, 468–474.
https://doi.org/10.1016/j.lfs.2008.07.012.

[21] A. I. Korkmaz, H. Akgul, M. Sevindik, Z. Selamoglu, ‘Study
on determination of bioactive potentials of certain lichens’,
Acta Aliment. 2018, 47, 80–87. https://doi.org/10.1556/066.
2018.47.1.10.

[22] B. Tepe, S. Degerli, S. Arslan, E. Malatyali, C. Sarikurkcu,
‘Determination of chemical profile antioxidant, DNA dam-
age protection and antiamoebic activities of Teucrium
polium and Stachys iberica’, Fitoterapia 2011, 82, 237–246.
https://doi.org/10.1016/j.fitote.2010.10.006.

[23] S. Soundararajan, P. Shanmugam, N. Nagarajan, D. Palanis-
amy, P. Ponnusamy, ‘In vitro study on screening antimicro-
bial and anti-oxidant potential of Ramalina fastigiata’,
Journal of Drug Delivery and Therapeutics 2019, 9, 216–
219. https://doi.org/10.22270/jddt.v9i1.2217.

[24] A. D. Gandhi, K. Umamahesh, S. Sathiyaraj, G. Suriyakala, R.
Velmurugan, D. A. Al Farraj, M. A. Gawwad, K. Murugan, R.
Babujanarthanam, R. Saranya, ‘Isolation of bioactive com-
pounds from lichen Parmelia sulcata and evaluation of
antimicrobial property’, Journal of Infection and Public
Health 2021, 15, 491–497. https://doi.org/10.1016/j.jiph.
2021.10.014.

[25] C. Sesal, G. Çobanoğlu, İ. Karaltı, B. Açıkgöz, ‘In vitro
antimicrobial potentials of four Ramalina lichen species
from Turkey’, Curr Res Environ Appl Mycol. 2016, 6, 202–
209. https://doi.org/10.5943/cream/6/3/8.

[26] A. Ganesan, D. Purushothaman, U. Muralitharan, R. Sub-
baiyan, ‘Metabolite Profiling and In vitro Assessment of
Antimicrobial and Antioxidant Activities of Lichen Ramali-
na inflata’, International Research Journal of Pharmacy
2017, 7, 132–138. https://doi.org/10.7897/2230-8407.
0712159.

[27] N. Aoussar, N. Rhallabi, R. Ait Mhand, R. Manzali, et al.,
‘Seasonal Variation of Antioxidant Activity and Phenolic
Content of Pseudevernia furfuracea, Evernia prunastri and
Ramalina farinacea from Morocco’, Journal of the Saudi
Society of Agricultural Sciences 2020, 19, 1–6. https://doi.
org/10.1016/j.jssas.2018.03.004.

[28] S. Ristić, B. Ranković, M. Kosanić, S. Stamenković, T.
Stanojković, Miroslav Sovrlić, N. Manojlovic, ‘Biopharma-
ceutical Potential of Two Ramalina Lichens and their
Metabolites Current Pharmaceutical’, Biotechnology 2016,
17, 1. https://doi.org/10.2174/
1389201017666160401144825.

[29] M. Gulluce, A. Aslan, M. Sokmen, F. Şahin, A. Adiguzel, G.
Agar, A. Sokmen, ‘Screening the Antioxidant and Antimi-
crobial Properties of The Lichens Parmelia saxatilis, Plati-
smatia glauca, Ramalina pollinaria, Ramalina polymorpha

and Umbilicaria nylanderiana’, Phytomedicine 2006, 13,
515–521. https://doi.org/10.1016/j.phymed.2005.09.008.

[30] O. T. Okan, H. Varlıbaş, M. Öz, İ. Deniz, ‘Antioxidant Analysis
Methods and Some Non Wood Forest Plant Products As
Sources of Antioxidants in Eastern Black Sea Region’,
Kastamonu University Journal of Forestry Faculty 2013, 13,
48–59.

[31] S. Oran, S. Şahin, Ş.Öztürk, C. Demir, ‘Determination of
Total Phenol and Antioxidant Capacity in Some Branched
and Leafy Lichen Species’, 21. National Biology Congress,
Ege University, Izmir, Turkey, 03–07 September 2012.

[32] A. Karagoz, A. Aslan, ‘Antiviral and cytotoxic activity of
some lichen extracts’, Biologia Bratislava 2005, 60, 281.

[33] B. Paudel, H. Bhattarai, J. Lee, S. Hong, H. Shin, J. Yim,
‘Antioxidant Activity of Polar Lichens from King George
Island (Antarctica)’, Polar Biol. 2008, 31, 605–608, 2008.
https://doi.org/10.1007/s00300-007-0394-8.

[34] O. W. Purvis, B. J. Coppins, D. L. Hawksworth, P. W. James,
D. M. Moore, ‘The Lichen Flora of Great Britain and Ireland’,
London, Natural History Museum Publications, 2002.

[35] A. Aptroot, F. Schumm, ‘Key to Ramalina species known
from Atlantic islands, with two new species from the
Azores’, Sauteria 2008, 15, 21–57.

[36] T. R. Arroyo, E. Seriñá, E. Araujo, ‘Ramalina carminae
(Ascomycota: Ramalinaceae), a new species from Europe’,
Bot. Complut. 2011, 35, 5–14. https://doi.org/10.5209/rev_
BOCM.2011.v35.1.

[37] R. Re, N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, C.
Rice-Evans, ‘Antioxidant activity applying an improved
ABTS radical cation decolorization assay’, Free Radical Bio
Med. 1999, 26, 1231–1237. https://doi.org/10.1016/S0891-
5849(98)00315-3.

[38] J. Zhishen, T. Mengcheng, W. Jianming, ‘The determination
of flavonoid contents in mulberry and their scavenging
effects on superoxide radicals’, Food Chem. 1999, 64, 555–
559. https://doi.org/10.1016/S0308-8146(98)00102-2.

[39] M. A. Gyamfi, M. Yonamine, Y. Aniya, ‘Free-radical scaveng-
ing action of medicinal herbs from Ghana: Thonningia
sanguinea on experimentally-induced liver injuries’, Gen.
Pharmacol. 1999, 32, 661–667. https://doi.org/10.1016/
S0306-3623(98)00238-9.

[40] M. B. Adinortey, C. Ansah, A. Weremfo, C. A. Adinortey,
G. E. Adukpo, E. O. Ameyaw, A. K. Nyarko, ‘DNA damage
protecting activity and antioxidant potential of Launaea
taraxacifolia leaves extract’, Journal of Natural Science,
Biology, and Medicine 2018, 9, 6. https://doi.org/10.4103/
jnsbm.JNSBM_22_17.

Received August 26, 2022
Accepted December 7, 2022

Chem. Biodiversity 2023, 20, e202200816

www.cb.wiley.com (11 of 11) e202200816 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Freitag, 13.01.2023

2301 / 280994 [S. 567/567] 1

 16121880, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202200816 by B

otanical Institute O
f T

he, W
iley O

nline L
ibrary on [26/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.lfs.2008.07.012
https://doi.org/10.1556/066.2018.47.1.10
https://doi.org/10.1556/066.2018.47.1.10
https://doi.org/10.1016/j.fitote.2010.10.006
https://doi.org/10.22270/jddt.v9i1.2217
https://doi.org/10.1016/j.jiph.2021.10.014
https://doi.org/10.1016/j.jiph.2021.10.014
https://doi.org/10.5943/cream/6/3/8
https://doi.org/10.7897/2230-8407.0712159
https://doi.org/10.7897/2230-8407.0712159
https://doi.org/10.1016/j.jssas.2018.03.004
https://doi.org/10.1016/j.jssas.2018.03.004
https://doi.org/10.2174/1389201017666160401144825
https://doi.org/10.2174/1389201017666160401144825
https://doi.org/10.1016/j.phymed.2005.09.008
https://doi.org/10.1007/s00300-007-0394-8
https://doi.org/10.5209/rev_BOCM.2011.v35.1
https://doi.org/10.5209/rev_BOCM.2011.v35.1
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0306-3623(98)00238-9
https://doi.org/10.1016/S0306-3623(98)00238-9
https://doi.org/10.4103/jnsbm.JNSBM_22_17
https://doi.org/10.4103/jnsbm.JNSBM_22_17
www.cb.wiley.com

