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ABSTRACT

Diffractaic acid (DA) is a naturally occurring dejole derivative found in several lichen speciesal$ a wide range
of important biological effects such as analgesid antiviral properties, although its cytotoxic,tagenetic and
oxidative effects have not been investigated inambiood tissue yet. Therefore, increasing conegiutns (1, 5,
10, 25, 50, 100 and 200 mgLof DA was added into human whole blood cultuBeg5-dimethylthiazol-2-yl)-5-
diphenyl tetrazolium bromide (MTT) assay was ugedssess the cell viability and/or cytotoxicity aiggnotoxic
damage potential of DA using chromosome aberrafioA) and micronucleus (MN) tests were performed. |
addition, oxidative alterations were determinedthg total antioxidant capacity (TAC) and total cid status
(TOS) assays. The results revealed that DA redoeédsiability at higher concentrations than 50 miglThe all
tested concentrations of DA were non-genotdxicitro treatments with DA led to increases of TAC leirelthe
cultured blood cells without changing the TOS Isvat compared to the control group. Consequerm},
exhibited a significant non-mutagenic and antioxidpotentialin vitro.
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INTRODUCTION (mycobionts) (Takahagi et al. 2006). There are
25,000 species of lichens in the world. They
Nowadays, there is a growing interest in naturaihhabit over 10% of the terrestrial surface from
substances exhibiting antioxidant properties thadrctic to tropical regions and from the plainshe t
could be used by the human and animals dsighest mountains (Mitrogiet al. 2011). Lichens
specific  preventative  pharmaceuticals  agroduce a wide variety of secondary metabolites
(Sarikirkcl et al. 2009). Several studies have beelue to being in various extreme areas (Martins et
carried out on natural compounds present in thal. 2010). They are mostly small, but complex
plant antioxidants during the past decade. Theseolecules and generally exhibit interesting
antioxidant effects are known to depend on naturdliological effects (Mitrowt et al. 2011). In fact,
compounds present in the plants such as vitamingecent studies have shown that these secondary
fatty acids, lichen, and plant extracts (Turkez anthetabolites  might  have  antiproliferative
Geyikoglu 2011; Turkez and Tgar 2013). (Backorova et al. 2012), antifungal (Goel et al.
Lichens are unigue symbiotic organisms thaR011), antiviral (Sokolov et al. 2012),
consist of algae (photobionts) and fungiantimicrobial (Honda et al. 2010), anti-
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inflammatory (Bauer et al. 2012), antitumor (Ari etwithout DA were used as control- group
al. 2012) and antioxidant (Odaioglu et al. 2012) Mitomycin C (10 um, Sigma-Aldrich®)
features. (Vijayalaxmi et al. 1996) was used as the positive
The therapeutic properties of certain medicinatontrol in MN and CA assays. Ascorbic acid (10
plants are generally related to their content ofim, Sigma-Aldrich®) (Turkez 2011) and
secondary metabolites, such as polyphenolfiydrogen peroxide (25um, Sigma-Aldrich®)
terpenes, depsides and alkaloids. Thus, licheriBenhusein et al. 2010) were also used as the
were considered as good sources of naturglositive controls in TAC and TOS analysis,
antioxidants and for pharmaceutical purposes inespectively.

treating various disorders after their safety

evaluations (Kosatiet al. 2011). Diffractaic acid MTT assay
(4-(2,4-dimethoxy-3,6-dimethyl-benzoyl)oxy-2-  Viability of the cells was studied using MTT Cell
hydroxy-3,6-dimethyl-benzoic  acid; .,,0;) Proliferation Assay kit (Cayman Chemical
(DA) is a naturally occurring depside derivativie. | Company, Ann Arbor, MI, USA) as described by
is commonly isolated from the lichens such athe manufacturer. After incubation  with
Usnea longissima, U. diffracta, Parmelia compounds for 24 h, 10L of MTT solution was
tinctorum and P. nepalensigBayir et al. 2006). added to each well and re-incubated at 37°C for
Studies have shown that DA has analgesi4 h. After washing, the blue formazan was
antiviral and antitumoral activities (Okuyama et alextracted from the cells with isopropanol/formic
1995; Yamamota et al. 1995; Neamati et al. 1997acid (95:5) and was photometrically determined at
However, the information regarding the cytotoxic, 560 nm. The density of formazan formed in the
cytogenetic and oxidative effects of DA in humarcontrol cells was taken as 100% viability
blood cells remain unknown. Therefore, the aim o(Lewerenz et al. 2003).

the present study was to firstly evaluate the ,

cytotoxic/antiproliferative (MTT assay), Chromosomal aberration (CA) assay

cytogenetic (MN and CA assays) and oxidativdiuman lymphocytes were stimulated by DA and
effects (TAC and TOS analysis) of DA on humareultured for about 72 h. Two hours prior to the
peripheral blood cultures for its possible useni t harvesting, 0.1 mL of Colcemid (Gibco&rand

complementary and alternative medicine practicedsland, NY) was added to the culture flask. Cells
were harvested by centrifugation, treated with a

hypotonic solution (0.075 M KCl at 37.4°C)

MATERIALS AND METHODS Again, the cells were then centrifuged and a
_ _ solution (methanol + acetic acid) was added three
Experimental design times, and the resulting cells were resuspended

Human peripheral blood cultures were set URng dropped onto clean slides. To prepare the
according to a slight modification of the protocolgjiges, 3-5 drops of the fixed cell suspension were
described by Evans and O'Riordan (1975). Humagyopped on a clean slide and air-dried. The slides
blood samples were obtained from five healthyyere stained with giemsa in phosphate buffer (pH
non-smokings, non-alcoholic, not under dru%_g). For each treatment, 30 well-spread
therapy and with no recent history of exposure tghetaphases were analyzed to detect the presence
mutagens; females aged 25-30 years. Thgf CAs. Criteria to classify the different types of
heparinized blood (0.5 mL) was cultured in 6.0gperrations (chromatid or chromosome gap and
mL of culture medium (PB-MAX™ Karyotyping chromatid or chromosome break) were in
Medium Gibco® Spain) With  accordance with the recommendation of EHC
5.0 mg mL of phytohemagglutinin (Sigma (Environmental Health  Criteria) 46  for
Aldrich®, Germany). Diffractaic acid (CAS No. enyironmental monitoring of human populations

436-32-8, GoH2,07) was supplied by ChromaDex (jpsc 1985: Tirkez and Aydin 2013).
Inc® (USA). DA was dissolved in acetone which

was then evaporated to dryness at ambiemfjicronucleus (MN) assay

temperature. Human blood samples were treatgdyman blood cells were treated with DA and

with final concentrations of 1, 5, 10, 25, 50, 10Qcultured for 72 h. After 44 h of DA application,
and 200 mg L* of DA. The doses were selectedcytochalasin B (Sigma-Aldrich®, final

according to Koparal et al. (2006). The culturegoncentration of 6 pg mt) was added. Cells were

Braz. Arch. Biol. Technol. v.58 n.1: pp. 75-81, [Feb 2015



Effects of Diffractaic acid on Human Lymphocyte Cués 77

harvested by centrifugation and treated with @&ignificant £<0.05 number of MNs. However,
hypotonic solution (0.075 M KCI at 37.4°C). Forthe MMC applied culture (as positive control)
the second time, the cells were then centrifugeshowed about three fold increase of both
and a solution (methanol + acetic acid) was addggarameters as compared to the control- group (Fig.
three times, and the resulting cells wereb).

resuspended and dropped onto clean slides. To

prepare the slides, 3-5 drops of the fixed cel
suspension were dropped on a clean slide and a
dried. The slides were stained with Giemsa ir
phosphate buffer (pH 6.8) and scored. MN wa:Z
scored in 1000 binucleated cells and the frequenc
of cells with MN was determined (Eflo 2011).
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The assay is calibrated with hydrogen peroxid Concentrations (mg L)

and the results are expressed in ferms clj)zflgure 1 - Cell viability in human blood cultures
micromolar hydrogen peroxide equivalent per lite )

(umol H,0, Equiv. L'l) (Erel 2004, 2005). The maintained 24 h in the presence of DA

[
= =

(%% of Control” group)
o

=

Control: negative control; Contrél

automated TA_C and TQS assays were carried out positive control; (MMC: 18 M). The
by com_merually available kits (Rel Assay bars are shown by different letter are
Diagnostics®, Turkey) on plasma samples of DA different from each other at a level of
treated cultures for 2 h. 0.05

Statistical analysis 05 -

Statistical analysis was performed using SPSS( os -
software (version 18.0, SPSS, Chicago, IL, USA) ”--""
The statistical analysis of experimental values i=

the MTT, CA, MN, TAC and TOS analysis was 2 04 -
performed by Duncan’s test. Statistical decision:™ o3 -

were made with a significance level of 0.05. ﬁ;' ' i 'J ' ' '
i

C omol Control+

RESULTS Concentratmns (mg Ll
Cytotoxicity and cell viability were detected byeth Figure 2 - Chromosome aberration (CA) rates in human
MTT assay (Fig. 1). The results of MTT analysis lymphocytes after treatment with DAn

showed that DA suppressed the proliferation of vitro. The abbreviations are as in Figure 1.

human lymphocytes cells, at concentrations high
than 50 mg [* (at 100 and 200 mgt) compared —
to the control value. ,g “ ”
Results obtained from the analysis of CAs in * & &
human lymphocytes cultured with no treatment ¥ X h‘.
(Control), MMC (Control) and treated with

different DA concentrations are shown in Figure 2.

l-
Evidently different concentrations of DA did not \“p‘
change the rate of CAs when compared with

‘ v

control values. On the contrary, compared to the

negative-control group, MMC (10 M) caused S
considerable increase of CA frequencies (Fig. 3). >
Results obtained from the analysis of MNs in j
human lymphocytes cultured with no treatment .

(Control), MMC (Control) and treated with Figure 3 -A sample metaphase from 200 mig &f DA-

different DA concentrations are shown in Figure 4. treated culture x 1000.
DA at tested concentrations did not induce
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10 Figure 7 shows the effects of DA on TOS

I parameter in the human blood cells for all the

experimental groups. TOS levels were unchanged
in negative control and diffractaic acid groups.

MN/1000 cells

wn
=

. S
k E 30 -
Control- Cammlf 58
Concentrations (mg L1 = £ 20 -
Figure 4 - Micronucleus (MN) rates in human %y
lymphocytes after treatment with DM vitro. The 2 '
abbreviations are as in Figure 1. g ';ml_;m:_ ******
Com:entratwns (mg Ll}
N .
. : 'F-,‘_._‘- Figure 7 - The level of total oxidant status (TOS) in
i human blood cultures treated with DA for
: 24 h. Controt negative control; Contral
positive control; (Hydrogen peroxide: 25
um). The bars are shown by different letter
are different from each other at a level of
0.05.
: DISCUSSION

Figure 5 - A sample binucleotid cell from 200 mg'L In the pre_sent study, the cytotoxic effect of DA
of DA-treated culture x1000. were studied on the cultured human blood cells via

3-(4.5-dimethylthiazol-2-yl)-5-diphenyl

tetrazolium bromide (MTT) assay, a hon-
Figure 6 shows the comparison of antioxidanradioactive, fast and economical, which has been
profile of DA on cultured human lymphocyteswidely used to quantify cell viability and
cells. Evidently 1, 5, 100 and 200 mg‘lL proliferation, for the first time. Results showed
concentrations of DA did not lead any alterationghat DA was not cytotoxic at low concentrations,
in TAC levels while 10, 25 and 50 mg'lof DA  but it exhibited weak cytotoxic potential at higher
treatments caused significant increase of TAEoncentrations than 50 mg™Lcultured human
levels. blood cells. Similar to these findings, Brisdelti e

al. (2013) evaluated the cytotoxicity of DA in

16 several cancer cell lines and found that DA could

be cytotoxic for HCT-116, MCF-7 and Hela cells.

=
5 Branddo et al. (2013) reported that DA was
%‘;E cytotoxic to UACC-62 cells. It has also been
T : suggested that DA was potent antiproliferative
f s agent against the growth of human keratinocytes
g2 (Culberson 1996).
it ostnie 5 —In this study, the genotoxic potential of DA was
Gt (mng investigated by using the micronucleus (MN) and

chromosome aberration (CA) assays. In fact, CA
in human blood cultures treated with DA for and MN assays, as vitro short-term_ genOtOXI9lty

24 h. Controt negative control: Contrti assays, are widely used to monitor chemically-
positive control; (Ascorbic acid: 1@m). induced damage (Suzuki et al. 2009; Tirkez and
The bars are shown by different letter areGeyikaglu 2010). This study established that DA

different from each other at a level of 0.05. Was non-genotoxic because results did not indicate
any significant increase in the ratios of the CAs

Figure 6 - The level of total antioxidant capacity (TAC)
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and MNs in lymphocytes exposed to DA asCONCLUSION

compared to control values. To our knowledge,

there is no information considering the genotoxidn conclusion, the present results clearly revealed
effect of DA on cell cultures system. Therefors, it that DA had no mutagenic effect on human blood
genotoxicity potential could be compared withcell cultures. Moreover, DA exhibited weak
other lichenic acids. In parallel to the presentytotoxic and high antioxidant properties due to
findings, Leandro et al. (2013) evaluated thehe used concentrations. On the basis of ithe
genotoxic potential of (+)-usnic acid (UA) by vitro results, DA appeared to be good and safe
MN and comet assays in V79 cell cultures anchatural antioxidant and also, could be of
found that that UA did not lead to genotoxicity.significance in human therapy, animal and plant
Koparal et al. (2006) investigated the genotoxicityliseases.

of (+)-UA by MN assay in human lymphocytias

vitro and reported that UA was non-genotoxic.

Many of the lichen acids have biological effectt ACKNOWLEDGEMENTS
due to antioxidant properties. However, only a fey

reports concerning the antioxidative nature of purghe authors are grateful to all volunteers for the
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