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Three lichen secondary metabolites atranorin (1), evernic acid (2), and usnic acid (3), were evaluated for their in vitro clastogenic and antiproliferative effects
on human lymphocytes using the cytochalasin-B blocked micronucleus (CBMN) assay at concentrations of 2 pg/mL, 4 ug/mL and 6 ug/mL of final culture
solution. The frequency of micronucleus (MN) was scored in binucleated cells, and cytokinesis-block proliferation index (CBPI) was calculated. Among the
tested compounds, 3 exhibited the most prominent effect decreasing the frequency of MN in the range of 42.5% - 48.9%, that is about double of the positive
control amifostin WR-2721 that reduces MN frequency for 22.0%. The effect of evernic acid was approximately equal to action of amifostin (23.2% -32.9%).
Atranorin at concentrations of 2 pg/mL and 4 pg/mL decreasing the frequency of MN only for 11.1% and 1.8%, while in concentration of 6 pg/mL increases
the frequency of MN for 9.6 %. The comparable CBPI values of the investigated compounds and control suggested that they did not show a statistically
significant inhibitory effect on lymphocyte cell proliferation at applied concentrations.
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Environmental mutagens can induce the formation of micronuclei in
the cytoplasm of interphase cells. Micronuclei may originate from
acentric fragments (chromosome fragments lacking a centromere)
or whole chromosomes that are unable to migrate with the rest of
the chromosomes during the anaphase of cell division.
Micronucleus expression in peripheral blood lymphocytes is well
established as a method to monitor chromosome damage in human
population. The cytokinesis-block micronucleus technique enables
micronuclei to be specifically scored in cells that have completed
nuclear division and is, therefore, not influenced by variations in
cell division kinetics, and it has been shown to be a sensitive and
reliable index of chromosome damage [1].

Continuing our investigation on the biological activities of the
lichen substances [2, 3], herein we report the clastogenic effect
(micronucleus distribution) and antiproliferative effect (CBPI) in
peripheral blood lymphocytes of the atranorin (isolated from
Hypogymnia physodes), evernic acid (isolated from Evernia
prunastri), and (+)-usnic acid (isolated from Usnea barbata). The
structures of examined compounds 1, 2, and 3, as well as structures
of positive control (amifostine) and negative control (mitomycin C,
MMC) are given on Figure 1. The lichen secondary metabolites 1-3
were tested for in vitro protective effect on chromosome aberrations
in peripheral human lymphocytes using the cytochalasin-B blocked
micronucleus (CBMN) assay in doses of 2.0, 4.0, and 6.0 pg per
mL of final culture solution. The frequency of MN was scored in
binucleated cells, and cytokinesis-block proliferation index CBPI
were calculated. Amifostine (radioprotectant, previously known as
WR-2721) was used as positive control at concentration of 1.0 pg
per mL. Mitomycin C, a clastogenic agent that has been used to
study the susceptibility of cell to chromosomal damage and
cytotoxic effects [4] was used as negative control. The results are
shown in Table 1.
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Figure 1: The structures of atranorin (1), evernic acid (2), usnic acid (3), amifostine,
and mitomycin C.

From the presented results could be observed following:

e Higher concentrations of compounds under the study causes
smaller decrease in the frequency of micronuclei. Atranorin at a
concentration of 6 mg per mL, even increasing the frequency of
MN for 9.6% compared to the control.

e Among the tested compounds usnic acid exhibited the most
prominent effect on decreasing frequency of MN (48.9% for 2
pg/mL, 46.4% for 4 pg/mL and 42,5% for 6 pg/mL compared
with the control cell cultures, p < 0.01 for all concentrations),
following by evernic acid (32.9% for 2 pg/mL, 26.8% for 4
pg/mL and 23.2% for 6 pg/mL compared with the control cell
cultures, p < 0.01 for all concentrations), and atranorin (11.1%
for 2 pg/mL, 1.8% for 4 pg/mL.

e The cell cultures treated with amifostine WR-2721 (positive
control) at concentration of 1 pg/mL gave a significant (P <
0.01) decrease in the MN frequency of 22.5% comparing
to control cell cultures. Comparing the effects of amifostine
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Table 1: Incidence of MN, CBPI, and frequency of MN in cell cultures of human
lymphocytes treated with amifostine, mitomycin C and different concentration of lichen
secondary metabolites 1, 2, and 3.

Sample pg/mL pmol/mL MN/1000 Bn % Bn MN/Bn cell CBPI Frequency
cell cell with of MN (%)
MN
Control 0.0 0.0 28.0 £0.8 23+0.1 1.1+£0.0 1.7+0.0 100
Amifostine 1.0 4.6x10° 217+ 1.1% 1.7£0.1 1.2+0.1 1.7+0.1 71.5
MitomycinC 02 59x10* 37.8+29"™ 33+02 1.1+£00 17+0.0 135.0
Atranorin (1) 2.0 5.3x10°  24.9£0.9"¢ 21£0.1 12%0.1 1.6 +0.0 88.9

40 10.6x10° 27.5+1.0%" 23+0.1 1.2£0.0
6.0  16.0x10° 30.7+£2.0° 26+02 12+0.0
Evernicacid (2) 2.0 6.0x10° 188+0.6% 1.6=0.0 1.1:0.0
40 12.0x10° 20504 1.8+0.0 1.1=0.0

1.6£0.0 98.2
1.6+ 0.0 109.6
1.6 £0.0 67.1
1.6 £0.0 732

6.0  18.0x10° 21.5+0.7*° 1.8+£0.1 12+0.1 1.7+0.1 76.8
Usnicacid 3) 2.0 5.8x10° 143+14*¢ 12+0.1 12+00 1.7+0.1 511
4.0 11.6x10° 150+ 1.3 12+£02 13+0.1 1.7+0.1 53.6
6.0 17.4x107 161 1.9 13+£02 13+0.1 1.7+0.1 57.5

Data represent as means+SD (standard deviation) of three experimental determinations.
MN/1000 Bn cells - incidence of micronuclei in 1000 binucleated cells. % Bn cells with
micronuclei. MN/Bn cells - incidence of micronuclei in binucleated cells.

CBPI- cytokinesis-block proliferation index.

a Compared with control groups, statistically significant difference p <0.01.

a* Compared with control groups, statistically significant difference p < 0.05.

b Compared with amifostine — WR 2721, statistically significant difference p < 0.01.

b* Compared with amifostine — WR 2721, statistically significant difference p < 0.05.

¢ Compared with mitomycin C, statistically significant difference p <0.01.

c* Compared with mitomycin C, statistically significant difference p < 0.05.

(1 pg/mL) and examined compounds, usnic acid (2 and 4 pg/mL)
demonstrated statistically significant difference in the decreasing
frequency of MN. Roughly, its activity was about two times
higher than the activity of amifostine.

e The treatment with alkylating agent MMC (negative control) at
concentration of 0.2 pg/mL gave a significant (P < 0.05) increase
in the MN frequency of 35% comparing to control cell cultures.
Compared to the MMC, all of the test substances at all
concentrations showed a statistically significant reduction in the
frequency of MN except for atranorin at a concentration of 6
pg/mL.

e The CBPI values of the investigated samples, amifostine,
mitomycin C and control suggested that they did not show a
statistically significant effect on lymphocyte cell proliferation at
the applied concentrations. It is important since MN expression is
dependent on cell division.

Our previous paper [3] showed that lichen depsidones, physodalic
acid, physodic acid, and 3-hydroxy physodic acid, also decreased
the frequency of MN at a concentrations of 1.0 and 2.0 pg/mL more
than amifostine at a concentration of 1 pg/mL. However, their
effects were smaller than the effect of usnic acid. Comparing the
compound structures and decreasing the frequency of MN it seems
that rigid structure of dibenzofuran (usnic acid) is more effective
than structures of depsidones (physodalic acid, physodic acid, and
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3-hydorxy physodic acid), and depsides (atranorin and evernic
acid). Furthermore, introduction of methyl group instead of
hydrogen into carboxyl and hydroxyl groups (atranorin versus
evernic acid) reduces the decreasing frequency of MN.

In summary, this study showed that lichen secondary metabolites 1,
2, and 3 reduced the frequency of MN in concentration dependent
manner, and the lowest applied concentration of 2.0 pg/mL being
the most effective. Among examined compounds dibenzofuran
derivative usnic acid was (3) more active than atranorin, and
evernic acid. Usnic acid at a concentration of 2 pg/mL decreased
MN frequency for 48.9%, while in the same experiment amifostine
at concentration of 1 pg/mL decreasing the MN frequency for

22.5%. Expressed activity in preventing damage and/or enhancing
DNA repair could be added to a long list of usnic acid bioactivity
[5, 6].

Experimental

General: Atranorin (1) was isolated from Hypogymnia physodes
[8], evernic acid (2) isolated from Evernia prunastri [9] and (+)-
usnic acid (3) isolated from Usnea barbata [10]. The purity of the
isolated compounds was determined by HPLC-DAD and amounted
99.8, 98.6, and 98.5 % for 1, 2, and 3, respectively.

Cytokinesis-block micronucleus (CBMN) assay: This test was
performed as previously described [7]. The cell culture lymphocytes
were treated with 2.0, 4.0 and 6 pg/mL of the compounds 1-3.
Amifostine WR-2721 (98%  S-2[3-aminopropylamino]-ethyl-
phosphothioic acid; Marligen-Biosciences) at 1 pg/ml) was used as
a positive control, and mitomycin C (MMC, Sigma-ALDRICH)
(0.2 pg/mL, in phosphate buffer) as a negative control. Three
experiments (with three replications) were performed for each
sample. The results are expressed as the means =+ SD.

Statistical analysis: The statistical analysis was performed using
Origin software package version 7.0. The statistical significance of
difference between the data pairs was evaluated by analysis of
variance (one-way ANOVA) followed by the Tukey test. Statistical
difference was considered significant at p< 0.01 and p<0.05.
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