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Protective activity of the methanol extract of Usnea longissima
against oxidative damage and genotoxicity caused by aflatoxin
B1 in vitro
Güleray AĞAR1, Ali ASLAN2, Elif KOTAN SARIOĞLU1, Lokman ALPSOY3, Selçuk ÇEKER1

Aim: To investigate the effects of methanol extracts obtained from Usnea longissima (UME) on the genotoxicity and
oxidative stress of aflatoxin B1 (AFB1) in cultured human blood cells.
Materials and methods: Sister chromatid exchange (SCE) and micronucleus (MN) tests were used for estimation
of genotoxic influences. Activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx) and the
malondialdehyde (MDA) level were also measured to evaluate the antioxidative effect of UME.
Results: In the SCE and MN test systems, it was observed that UME suppressed the mutagenic effects of AFB1.
Furthermore, an increase of MDA level and a decrease of SOD and GPx activities were observed after AFB1 treatment.
UME eliminated the genotoxicity of AFB1 and lipid peroxidation by increasing the level of antioxidant enzymes activities.
Conclusion: It was shown here for the first time that UME modulates the adverse effects of AFB1 in human blood cells.
The results of the present study have also clearly shown that UME has strong antioxidative and antigenotoxic effects, and
the role of these enzymes on the mechanism of antigenotoxic activity may be due to its antioxidant potency.
Key words: Usnea longissima, antigenotoxicity, antioxidant enzymes, aflatoxin B1

Usnea longissima metanolik ekstraktının in vitro da aflatoksin B1’in neden olduğu
oksidatif stress ve genotoksik etkiye karşı koruyucu etkisi
Amaç: Bu çalışmanın amacı insan kan kültürü hücrelerinde aflatoksin B1 (AFB1) in neden olduğu genotoksisite ve
oksidatif stress üzerine /Usnea longissima/ (UME)’dan elde edilen metanolik ekstrakların etkisini araştırmak idi.
Yöntem ve gereç: Genotoksik etkilerin tahmini için kardeş kromatid değişimi (SCE) ve mikro nukleus (MN) testleri
kullanıldı. Aynı zamanda UME’nin antioksidatif etkisini belirlemek için superoksit dismutaz (SOD) ve glutatyon
peroksidaz (GPx) enzimlerinin aktiviteleri ve malondialdehit (MDA) seviyesi ölçüldü.
Bulgular: SCE ve MN test sistemlerinde, UME’nin AFB1’in genotoksik etkilerini baskıladığı gözlendi. Ayrıca AFB1
muamelesinden sonra MDA seviyesinde artma, SOD ve GPx enzimlerinin aktivitelerinde azalma gözlendi. UME,
AFB1’in neden olduğu bu enzim aktivitelerindeki azalmayı ve lipid peroksidasyonundaki artışı anlamlı düzeyde
engellediği görüldü.
Sonuç: UME, insan lökosit hücrelerinde AFB1 in neden olduğu SOD ve GPx enzimleri üzerindeki olumsuz etkileri
azaltan bir aktivite göstermektedir. Aynı zamanda UME, kuvvetli anti-genotoksik etkiye sahiptir ve UME’nin bu etkisi
antioksidant potensiyelinden kaynaklanıyor olabilir.
Anahtar sözcükler: Usnea longissima, antigenotoksik etki, antioksidan enzimler, aflatoksin B1
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Introduction
Lichens are complex organisms living in
symbiotic relationships involving fungi and algae,
and the pertinent partners are defined as mycobionts
and phycobionts, respectively (1). Slow growth
rates and often harsh living conditions force the
lichens to produce various protective metabolites
(2). Several lichen extracts and their compounds
have been used in traditional medicine in Europe,
Asia, and North America (3). Previous studies
reported that secondary metabolites isolated from
lichens show a wide range of a variety of biological
activities, including antibiotic, antibacterial,
antiviral, antiinflammatory, analgesic, antipyretic,
antiproliferative, antigenotoxic, antioxidant, and
cytotoxic effects (4). In the folk medicine of different
countries of the world, Usnea longissima has also
been widely used as an expectorant, as a wound
dressing, and to stanch nose bleeding, as well as
in the treatment of ulcers. It has also been used in
the treatment of injuries of the legs and loins, bone
fractures, and skin eruptions (5). Usnic acid isolated
from Usnea species has been widely used in the
pharmaceutical and cosmetic industries because of
its high antimicrobial, antitermite, and antioxidant
activities (6). In addition, preclinical studies have
permitted researchers to hypothesize about its
possible use as an antineoplastic agent (7).
Aflatoxin B1 (AFB1) is known to cause
hepatotoxicity, teratogenicity, immunotoxicity,
genotoxicity, and even death in animals and humans
(8). Although the mechanism of cellular damage
caused by AFB1 has not been fully elucidated (9),
reactive oxygen species (ROS), lipid peroxidation
(LPO), and direct binding to DNA have been
considered to be main mechanisms in the toxicity
of AFB1 (10). ROS damage membrane proteins
by causing lipid peroxidation in membranes by
attaching to unsaturated fatty acids, which damages
the membrane proteins and causes a decrease of
membrane permeability, enzymes and receptor
activities, and activation of cells. When free radicals
attack DNA, cancer-causing mutations may occur.
Therefore, antioxidants have attracted much interest
with respect to their protective effect against the
free radical damage that may be a reason for many
diseases, including cancer (10).
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Thus, antioxidant molecules may also play
an important role in the prevention of genotoxic
damage. In this study, the antigenotoxic effect of
UME was investigated against AFB1 by using sister
chromatid exchange (SCE) and micronucleus (MN)
tests, which provide sensitive and rapid monitoring
of induced genetic damage as primary DNA
damage in human lymphocyte cell culture in vitro.
Additionally, the superoxide dismutase (SOD) and
glutathione peroxidase (GPx) enzyme activities and
the malondialdehyde (MDA) levels in the human
blood culture were measured to determine the role of
enzyme systems in the basis of antigenotoxic effects.
Materials and methods
Plant material
Lichen samples (Usnea longissima) were collected
from Giresun Province in the eastern part of Turkey
during the spring/summer period of 2009. Samples
were dried at room temperature. Identification of
samples was conducted by Dr. Ali Aslan (Kazım
Karabekir Education Faculty, Atatürk University,
Erzurum, Turkey) by using various flora books (1114). The voucher specimens were deposited in the
herbarium of Kazım Karabekir Education Faculty,
Atatürk University, Erzurum, Turkey.
Preparation of methanol extracts
Air-dried and powdered lichens (10 g) were
extracted with 250 mL of methanol using a Soxhlet
extractor (Isopad, Heidelberg, Germany) for 72
h at a temperature not exceeding the boiling point
of the solvent (15). The extract was filtered using
Whatman filter paper No. 1 and then concentrated in
a vacuum at 40 °C using a rotary evaporator (Büchi
Labortechnik AG, Flawil, Switzerland), yielding a
waxy material. The extract was then lyophilized and
kept in the dark at 4 °C until tested.
Cytogenetic analysis
Peripheral blood lymphocytes were taken
from 4 nonsmoking healthy individuals (ages: 28,
26, 25, and 28). Lymphocyte cultures were set up
by adding 0.5 mL of heparinized whole blood to
RPMI-1640 chromosome medium supplemented
with 15% heat-inactivated fetal calf serum, 100
IU/mL streptomycin, 100 IU/mL penicillin, and
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1% L-glutamine. Lymphocytes were stimulated to
divide by 1% phytohemagglutinin (PHA). AFB1 (in
concentrations of 5 and 10 μM) and U. longissima
methanolic extract (UME) in concentrations of 5 μg/
mL (UME1) and 10 μg/mL (UME2) were added to
the cultures just before incubation. The experiments
were performed in 7 groups, as follows.
Group 1: Control
Group 2: 5 μM AFB1
Group 3: 10 μM AFB1
Group 4: 5 μM AFB1 + UME1 (5 μg/mL)
Group 5: 5 μM AFB1 + UME2 (10 μg/mL)
Group 6: 10 μM AFB1 + UME1 (5 μg/mL)
Group 7: 10 μM AFB1 + UME2 (10 μg/mL)
For SCE demonstration, the cultures were
incubated at 37 °C for 72 h, and 5-bromo
2-deoxyuridine was added at 8 mg/mL at the initiation
of cultures. All cultures were maintained in darkness,
and then 0.1 mg/mL of colcemide was added 3 h
before harvesting to arrest the cells at metaphase. The
cultures were centrifuged at 800 × g for 10 min. Cells
were harvested and treated for 30 min with hypotonic
solution (0.075 M KCl) and fixed in a 1:3 mixture of
acetic acid/methanol (v/v). Bromodeoxyuridineincorporated metaphase chromosomes were stained
with the fluorescence plus Giemsa technique, as
described by Perry (16). In the SCE study, by selecting
20 satisfactory metaphases, the results of SCE were
recorded on the evaluation table. For each treatment
condition, well-spread second division metaphases
containing 42-46 chromosomes in each cell were
scored, and the values obtained were calculated as
SCEs per cell.
For MN analysis, cytochalasin B was added 44 h
after PHA stimulation to a final concentration of 3
g/mL. After 28 h (i.e. after a total of 72 h of culture),
the cells were harvested by centrifugation (900 × g,
10 min). The supernatant was removed, the cells were
mixed thoroughly, and 5 mL of cold hypotonic solution
(0.05 M KCl) was added. The cells were subsequently
incubated at 37 °C for 20 min and centrifuged again
(900 × g, 10 min). The pellet was mixed thoroughly
and 5 mL of fresh fixative (1:3 acetic acid:methanol)
was added dropwise. This fixation procedure was
repeated 3 times and the tube was centrifuged again.

The cell pellet was then resuspended in 1 mL of fresh
fixative, dropped onto a clean microscope slide,
incubated at 37 °C or at room temperature overnight,
and stained with Giemsa dye. Coded slides were
scored blind by 2 independent individuals. Only
binucleated cells were scored for MN analysis. For
each subject, at least 2000 binucleated cells were
analyzed for the presence of MNs. For the MN
scoring, the MN criteria described by Countryman
and Heddle were used: a diameter less than one-third
of the main nucleus, nonrefractivity, not touching,
and with the same color as the nucleus or lighter (17).
Biochemical analysis
The cultured human blood cell homogenates were
prepared at a 1:10 (w:v) dilution in 10 mM potassium
phosphate buffer, pH 7.4. Samples were centrifuged
at 3000 rpm for 10 min at 4 °C, and the supernatants
were collected and immediately assayed for enzyme
activities. All samples were measured 6-fold.
SOD assay
Cu/Zn-SOD activity in the cell culture supernatant
was detected by the method of Sun et al. (18). First,
2.45 mL of assay reagent [0.3 mM xanthine, 0.6 mM
Na2EDTA, 0.15mM nitroblue tetrazolium (NBT),
0.4 M Na2CO3, 1 g/L bovine serum albumin] was
combined with 100 μL of the sample. Then 50 μL of
xanthine oxidase, 167 U/L, was added to initiate the
reaction, and the reduction of NBT by superoxide
anion radicals, which are produced by the xanthinexanthine oxidase system, was determined by
measuring the absorbance at 560 nm. Cu/Zn-SOD
activity was expressed in units of SOD per milligram
of protein, where 1 U is defined as the amount of
enzyme causing the half-maximal inhibition of NBT
reduction.
GPx assay
GPx activity in the cell culture supernatant was
measured by the method of Paglia and Valentine
(19). Briefly, 50 μL of sample was combined with 100
μL of 8 mM NADPH, 100 μL of 150 mM reduced
GSH, 20 μL of glutathione reductase (30 units/mL),
20 μL of 0.12 M sodium azide solution, and 2.65 mL
of 50 mM potassium phosphate buffer (pH 7.0, 5 mM
EDTA), and the tubes were incubated for 30 min at
37 °C. The reaction was initiated with the addition
of 100 μL of 2 mM H2O2 solution, mixed rapidly by
1045
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Statistical analysis

inversion, and the conversion of NADPH to NADP
was measured spectrophotometrically for 5 min at
340 nm. The enzyme activity was expressed as units
per gram of protein using an extinction coefficient
for NADPH at 340 nm of 6.22 × 10−6.

The statistical analysis of MN frequencies was
performed by use of the chi-square test. For statistical
analysis of biochemical parameters and analysis of
SCE values, the Mann-Whitney U test was used. P <
0.05 was accepted as statistically significant. Results
were expressed as mean ± SD. For these procedures,
SPSS 11.5 for Windows (SPSS Inc., Chicago, Illinois,
USA) was used.

MDA assay
MDA levels in the cell culture supernatant were
determined spectrophotometrically according to
the method described by Ohkawa et al. (20). A
mixture of 8.1% sodium dodecyl sulfate, 20% acetic
acid, and 0.9% thiobarbituric acid was added to
0.2 mL of sample, and distilled water was added to
the mixture to bring the total volume up to 4 mL.
This mixture was incubated at 95 °C for 1 h. After
incubation, the tubes were left to cool under cold
water and 1 mL of distilled water with 5 mL of
n-butanol:pyridine (15:1, v/v) was added, followed
by mixing. The samples were centrifuged at 4000 ×
g for 10 min. The supernatants were removed and
absorbances were measured with respect to a blank
at 532 nm. 1,1,3,3-Tetraethoxypropane was used as
the standard. Lipid peroxide levels were expressed as
μmol/L of MDA. Protein concentrations in the cell
culture supernatant were determined by the Bradford
method (21). All photometric measurements were
performed with an ELISA reader.

Results
AFB1 caused significant SCE and MN formations
on peripheral lymphocytes, as seen in Table 1. SCE
and MN frequencies increased progressively with
increased AFB1 concentration. This increase was
found to be statistically significant (P < 0.001 and P
< 0.05). On the other hand, the numbers of SCEs and
MN were reduced by UME addition (P < 0.001 and
P < 0.05).
Table 2 represents the results of the biochemical
part of the present study, including the SOD and
GPx activities and the MDA level in the control and
experimental groups. Decreases in the activities
of SOD and GPx and increases in the MDA level
were observed after treatment with different

Table 1. The frequencies of MN and SCEs in blood lymphocytes after exposure to different doses of AFB1 and UME.
Groups

Metaphase

Range of SCEs

SCE/cell

MN/cell

Control

20

2-9

5.70 ± 1.69

1.75 ± 0.21

AFB1 (5 μM)

20

7-12

7.20 ± 2.06a

3.00 ± 0.50f

AFB1 (10 μM)

20

6-15

8.05 ± 2.14a

4.90 ± 0.50f

AFB1 (5 μM) + UME1

20

5-10

6.70 ± 1.47b

2.82 ± 0.30

AFB1 (5 μM) + UME2

20

5-9

6.75 ± 1.42b,d

2.70 ± 0.20

AFB1 (10 μM) + UME1

20

4-11

5.75 ± 2.03e

1.80 ± 0.15g

AFB1 (10 μM) + UME2

20

6-13

5.65 ± 1.67e

1.77 ± 0.40g

For SCE: aP < 0.001 compared with control group, bP < 0.05 compared with control, cP < 0.001 compared with AFB1 (5
μM) group, dP < 0.05 compared with AFB1 (5 μM) group, eP < 0.001 compared with AFB1 (10 μM) group. For MN: fP <
0.001 compared with control group, gP < 0.001 compared with AFB1 (10 μM) group.
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Table 2. SOD and GPx activities and the level of MDA in human lymphocytes incubated with AFB1 and UME.
Groups

SOD (U/mg protein)

GPx (U/g protein)

MDA (μmol/L)

Control

6.27 ± 0.9

350 ± 26.56

1.18 ± 1.66

AFB1 (5 μM)

4.81 ± 0.28a

220 ± 6.89a

1.51 ± 1.65a

AFB1 (10 μM)

2.5 ± 0.13a

160 ± 5.33a

1.97 ± 2.38a

AFB1 (5 μM) + UME1

5.15 ± 0.25b.d

290 ± 7.43d

1.27 ± 1.55b

AFB1 (5 μM) + UME2

5.5 ± 0.47b.c

295 ± 5.66d

1.23 ± 1.76d

AFB1 (10 μM) + UME1

4.85 ± 0.42b.f

308 ± 8.09e

1.27 ± 2.52e

AFB1 (10 μM) + UME2

5.26 ± 0.13b.f

345 ± 7.20e

1.28 ± 2.78e

a

P < 0.001 compared with control group, bP < 0.05 compared with control, cP < 0.001 compared with AFB1 (5 μM) group,
P < 0.05 compared with AFB1 (5 μM) group, eP < 0.001 compared with AFB1 (10 μM) group, fP < 0.05 compared with
AFB1 (10 μM) group.
d

concentrations of AFB1. However, the observed
effect of AFB1 at higher concentrations decreased
after treatment with different concentrations of
UME. Statistical analysis showed a significant
difference in SOD and GPx activities and the MDA
level between all groups treated with AFB1, either
combined with or separately from UME (P < 0.01
or 0.05) (Table 2).
Discussion
In this study, the protective role of UME against
the toxic effects of AFB1, which can cause genetic
damage by decreasing antioxidant capacity, was
studied. The genetic damage of AFB1 on MN and
SCE frequencies was decreased by treatment with
different concentrations of UME. This is the first
scientific report on the antigenotoxic and protective
potential of UME, although recent studies have
reported that several lichens’ extracts have strong
antigenotoxic activity in human lymphocytes in
vitro (22,23). Zeytinoglu et al. showed that an extract
from Cetraria aculeata had significant antigenotoxic
activity in bacterial systems and cytotoxic activity in
some mammalian cancer types (24). Furthermore,
Uysal et al. reported that the water extract of U.

longissima had a positive effect on the lifespan of
Drosophila melanogaster (25). Previous studies
showed that the usnic acid isolated from Usnea species
has antimicrobial and antimitotic activities (6,26). In
addition, usnic acid, barbatic acid, diffractaic acid,
demethylbarbatic acid, and evernic acid were isolated
from U. longissima and their inhibitor activities on
the Epstein-Barr virus were shown by Yamamoto et
al. (27). Halici et al. reported that the water extract of
U. longissima had a protective effect in indomethacininduced ulcers, and this protective effect was linked
to the antioxidant effect of the lichen extract (28)
Our results also showed that AFB1 decreased
the activities of SOD and GPx and increased the
MDA level. However, the observed effect of AFB1 at
higher concentrations decreased after treatment with
different concentrations of UME.
Previous research has reported that some lichens
have antioxidant capacities, and the antioxidant
effects of the lichen extracts have been linked to
polyphenolic compounds such as epigallocatechin,
gallate, quercetin, gallic acid, curcumin, eugenol,
usnic acid, polysaccharide Ci-3, lichestrerinic acid,
protolichesterinic acid, and nonpolyphenolics (2831). Polyphenolic substances are known to have more
1047
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or less antioxidant activity. Likewise, it was reported
that the phenolic compounds do not react covalently
with AFB1, and the inhibitory effect of phenolic
compounds on AFB1-induced mutagenicity could be
due to the increase of antioxidant enzymes (23,32).
Again, antimutagenic activities of natural phenolic
compounds were established in some plant species,
including common bean (32) and various teas (33),
against AFB1. In summary, the antigenotoxic effect
of UME may be, at least in part, attributed to the
antioxidant activity of the mentioned compounds, as
AFB1 is known to induce mutagenic damage through

oxidative stress. Our future studies will therefore
be focused on the fractionation and isolation of the
crude extract of the lichen samples containing the
active components responsible for the antigenotoxic
and antioxidant activities.
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