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Abstract In this study, the cytotoxic, genotoxic/
antigenotoxic and antioxidant/oxidant activity of
copaene (COP), a plant-derived tricyclic sesquiter-
pene, on human lymphocyte cultures (n = 5) was
investigated. COP was added into culture tubes at
various concentrations (0, 10, 25, 50, 100, 200 and
400 mg/L). While the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) and lactate
dehydrogenase (LDH) assays were used for viability
and cytotoxic evaluations, the micronucleus (MN) and
sister chromatid exchange (SCE) assays were used for
genetic evaluations. Moreover, total antioxidant
capacity (TAC) and total oxidative status analysis
were used for biochemical evaluations. According to
LDH and MTT assays COP significantly reduced cell
proliferation at high concentrations (200 and 400 mg/
L). In addition, there was no significant increase
(P <0.05) in both SCE and MN frequencies of
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cultures treated with COP as compared to controls.
We have also concluded that concentrations of COP of
50 and 100 mg/L increased TAC level when com-
pared to the controls. In conclusion, in this study it has
been reported for the first time that copaene is not
genotoxic and it increases the antioxidant capacity in
human lymphocyte cultures.
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Introduction

Reactive oxygen species (ROS) such as (O3 "), hydro-
gen peroxide (H,O,), nitric oxide radical (NO),
hydroxyl radical (OH’) and singlet oxygen ('0,) come
together with other factors are responsible for several
pathologies like cancer, cardiovascular diseases, neu-
ral disorders, inflammation, and arteriosclerosis (Bar-
lak et al. 2011; Mitjavila and Moreno 2012; Ldpez-
Alarcén and Denicola 2013). Enzymatic antioxidants
such as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione reductase,
and glutathione-S-transferase, and nonenzymatic anti-
oxidants such as reduced glutathione, vitamin E, and
vitamin C and naturally occurring components such as
fatty acids, lichen, plant extract and antibody prevent

@ Springer



598

Cytotechnology (2014) 66:597-603

oxidative stress (Turkez and Geyikoglu 2010; Turkez
et al. 2012a, b, c, d, e; Dirican et al. 2012; Ramesh
et al. 2012).

Plant extracts (flavonoids, terpenoids, lignans,
carotenoids, coumarins and saponins) from traditional
herbs are a significant source of potential therapeutic
compounds for many diseases (Parkin et al. 2001;
Perestelo et al. 2010; Pehlivan Karakas et al. 2012).
They can act as direct antioxidants through free radical
scavenging mechanisms or as indirect antioxidants
possibly by enhancing the enzymatic and nonenzy-
matic antioxidants status (Ben Sghaier et al. 2011).

Terpenoids are compounds found in the essential
oils of many plants that are known to have positive
effects on human and animal health (Hamutka et al.
2012; Styrczewska et al. 2013). Sesquiterpenes, which
are one of the most common terpenes, are a class of
natural products with a diverse range of attractive
industrial properties (Wang et al. 2011; Scalcinati
et al. 2012). Several biological activities are attributed
to sesquiterpenes, such as antimicrobial (Wu et al.
2012), antibacterial (Stojanovi¢-Radi¢ et al. 2012)
antioxidant, antifungal (Al-maskri et al. 2011; Con-
forti et al. 2008) and antigenotoxic (Anter et al. 2011)
activities. Copaene (COP) is a tricyclic sesquiterpenes
derived from different plants; Cedrelopsis grevei
leaves (Afoulous et al. 2013), Xylopia Laevigata
(Quintans Jde et al. 2013), Annona reticulate (Chavan
et al. 2011) and Ceratitis capitata (Nishida et al.
2000). To our best knowledge, its cytotoxic, genotoxic
and antioxidant/oxidant effects on cultured human
lymphocytes cells have not yet been explored.

This study is focus on the cytological and bio-
chemical properties of COP. We aimed to assess the
cytotoxic (by MTT and LDH assay), oxidative (by
TAC and TOS levels) and genotoxic/antigenotoxic (by
SCE and MN assay) effects of COP in cultured human
lymphocytes cells for the first time.

Materials and methods

Human blood cell cultures

Human peripheral blood cultures were set up accord-
ing to the slight modification of the protocol described
by Evans and O’Riordan (1975). The heparinized

blood samples was collected from five healthy women
aged from 20 to 25 years old, respectively, non-
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smoking, non-alcoholic, not under drug therapy and
with no recent history of exposure to mutagens. The
heparinized blood (0.5 mL) was cultured in 6 mL of
culture medium (Chromosome Medium B, Biochrom-
Leonorenstr-2-6.D-12247-Berlin, Germany) with
5 mg/mL of phytohemagglutinin (Biochrom). Copae-
ne (Cas: 3856-25-5, C;sH,q, Sigma-Aldrich®, Stein-
heim, Germany). COP was dissolved in ethanol (final
concentration in culture, 0.1 %). COP at concentra-
tions of 10, 25, 50, 100, 200 and 400 mg/L was added
to the cultures just before incubation. Each individual
lymphocyte culture without COP was studied as a
control group. Ascorbic acid (10 pM, Sigma-Aldrich®
Chem. Co. St. Louis, MO, USA) and hydrogen
peroxide (25 pM, Sigma-Aldrich®) were also used
as the positive controls in TAC and TOS analysis,
respectively. Mitomycin C (1077 M, Sigma—Aldrich®)
was used as the positive control in SCE and MN
assays.

3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay

The whole blood samples were seeded in 96-well
plates. Cells were incubated at 37 °C in a humidified
5 % CO,/95 % air mixture and treated with COP at
different concentrations for 24 h. Viability of cells
was assessed by measuring the formation of a
formazan from MTT spectrophotometrically (MTT
cell proliferation kit; Cayman Chemical Company,
Ann Arbor, MI, USA). Briefly, MTT was added to the
cell cultures for 3 h. Formed formazan crystals were
dissolved in dimethyl sulfoxide (Sigma-Aldrich®),
and the plates were analyzed using Elisa reader
(Sigma-Aldrich) at a wavelength of 570 nm.

Lactate dehydrogenase (LDH) assay

LDH assay was carried out by using the LDH-
cytotoxicity assay kit (Cayman Chemical), according
to the manufacturer’s protocol. In brief, 10*-10° cells/
well were seeded in 96-well plates and exposed to
different concentrations of COP (0—400 mg/L) for
24 h. At the end of exposure, 96-well plate was
centrifuged at 400g for 5 min to settle down the COP
present in the solution. Then, 100 pL supernatant was
transferred to a fresh well of 96-well plate that already
contained 100 pL of reaction mixture from Bio-Vision
kit and incubated for 30 min at room temperature.
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After incubation, the absorbance of solution was
measured at 490 nm using a microplate reader (Syn-
ergy-HT, BioTek, Winooski, VT, USA). LDH levels
in the media versus the cells were quantified and
compared with the control values according to the
instructions of the kit.

Sister chromatid exchange (SCE) assay

With the aim of providing successive visualization of
SCEs, 5-bromo-20-deoxyuridine (Sigma, final con-
centration 20 mM) was added after culture initation.
Lymphocyte cultures were incubated in complete
darkness for 72 h at 37 °C. Exactly 70 h and 30 min
after beginning the incubations, colcemid (Sigma-
Aldrich®) was added to the cultures to achieve a final
concentration of 0.5 pg/mL_l. After hypotonic treat-
ment (0.075 M KCI) followed by three repetitive
cycles of fixation in methanol/acetic acid solution
(3:1, v/v), centrifugation and resuspension, the cell
suspension was dropped onto chilled, grease-free
microscopic slides, air-dried, aged, and then differen-
tially stained for inspection of the SCE rate according
to the fluorescence plus Giemsa (FPG) procedure
(Perry and Wolff 1974). For each treatment condition,
25 well-spreaded second division metaphases were
scored, and the obtained values were calculated as
SCE:s per cell. All slides were coded prior to scoring.
SCE scoring was carried out by only one person
(Togar B) using a light microscope (Prior Scientific,
Rockland, MA, USA) at 100 x magnification under oil
immersion.

Micronuclei (MN) assay

Human lymphocytes were stimulated by COP and
cultured for about 72 h; after 44 h of COP stimulation,
cytochalasin B (Sigma-Aldrich®, final concentration
of 6 pg/mL~") was added. Cells were harvested by
centrifugation and treated with a hypotonic solution
(0.075 M KC1/37.4 °C). For the second time, the cells
were then centrifuged and a solution (metha-
nol + acetic acid) was added three times, and the
resulting cells were resuspended and dropped onto
clean slides. To prepare slides, 3—5 drops of the fixed
cell suspension were dropped on a clean slide and air-
dried. The slides were stained with Giemsa in
phosphate buffer (pH 6.8) and scored. MN was scored

in 1,000 binucleated cells and the frequency of cells
with micronuclei was determined (Fenech 1993).

Total antioxidant capacity (TAC) and total
oxidative status (TOS) analysis

The major advantage of this test is to measure the
antioxidant capacity of all antioxidants in a biological
sample and not just the antioxidant capacity of a single
compound (Kusano and Ferrari 2008). Plasma sam-
ples, obtained from the lymphocyte cultures 2 h after
incubation with COP, were analyzed using commer-
cial kits (Rel Assay Diagnostics®, Gaziantep, Turkey)
for automated Trolox-equivalent total antioxidant
capacity (TAC) assay and the total oxidant status
(TOS) assay. The major advantage of the TAC assay is
that it measures the antioxidant capacity of all
antioxidants in a biological sample and not just of a
single compound (Kusano and Ferrari 2008). In this
test, antioxidants in the sample reduce dark blue-green
colored 2,2’-azinobis(3- ethylbenzothiazoline-6-sul-
fonate) (ABTS) radical to its colorless form. The
change in absorbance at 660 nm corresponds to the
total antioxidant level in a sample. The assay is
calibrated with a stable antioxidant standard solution
of vitamin E analog (Trolox-equivalent) (Erel 2005).
The TOS assay used here is based on the oxidation of
the ferrous ion-chelator complex to ferric ion (Fe3+),
which is mediated by oxidants contained in the tested
sample. The reaction is further enhanced by other
molecules from the reaction medium. The reaction of
Fe** with chromogen in an acidic medium produces a
colored complex. Its intensity corresponds to the total
amount of oxidants in the sample and can be measured
spectrophotometrically. The TOS assay is calibrated
with hydrogen peroxide and the results are expressed
in terms of UM hydrogen peroxide equivalent per litre
(Erel 2004).

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware (version 13.0, SPSS, Chicago, IL, USA). The
statistical analysis of experimental values in the MTT,
SCE, MN, TAC and TOS analysis was performed by
Duncan’s test. Statistical decisions were made with a
significance level of 0.05.
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Table 1 Cytotoxicity and cell viability in human lymphocytes
cultures maintained 24 h in the presence of COP

Concentrations LDH assay MTT assay
(mg/L) (% cytotoxicity) (% cell viability)
Control 12.8 + 4.4* 99.5 4+ 8.3%
10 145 + 5.1° 88.4 + 8.1°
25 14.1 £ 5.9° 88.9 + 8.6°
50 17.6 £ 5.4° 89.3 + 7.1°
100 17.3 + 4.8° 81.4 + 7.7°
200 36.4 + 5.6 473 + 539
400 418 +5.49 46.4 + 4.89

Values are means + SD; means in the same column followed
by the different superscript letters present significant statistical
differences at the level of 0.05

Results

We investigated the effect of COP at various concen-
trations on the proliferation of human lymphocytes
cells using MTT assay in vitro (Table 1). The results
of MTT analysis showed that COP significantly
suppressed the proliferation of human lymphocytes
cells, at higher concentrations than 100 mg/mL (200
and 400 mg/mL) compared to the control value. We
also evaluated the cytotoxicity of COP on lympho-
cytes by measuring the amount of intracellular LDH
release (Table 1). According to the LDH analyses, 200
and 400 mg/mL) concentrations of COP led to cell
death via membrane damage (P < 0.05). In addition,
MTT analyses demonstrated that COP significantly
suppressed the cell proliferation rates in human
lymphocytes when exposed to the compound at
concentrations of 200 and 400 mg/mL compared to
untreated culture (P < 0.05).

SCEs
(%o)cell

Control- Control+ 10 25 50 100 200 400

Concentrations (mg/L1)

Fig. 1 The frequencies of sister chromatit exchange (SCE)
values in human lymphocyte treated with copaene (COP) in
cultures for 72 h. SCE sister chromatid exchanges; Control—
negative control; Control+ positive control; mitomycin C
(1077 M). The bars marked by different letter are different
from each other at a level of 0.05
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Figure 1 shows the SCEs/cell frequencies obtained
from the cultures treated with different COP concen-
trations in comparison to the control group. The
treatments with COP did not significantly (P > 0.05)
alter the SCE rate results when compared with the
untreated culture. On the contrary, Mitomycin C (107" M)
caused considerable increases of SCE frequencies as
compared to the control group. COP was not effective
in increasing the SCE frequency compared with the
control groups (P > 0.05). It was reported that COP
does not affect the genetic material in lymphocytes at a
wide range of concentrations in the SCE assay.

The effects of COP on the MN number in human
lymphocyte cultures are shown in Fig. 2. Compared to
the negative-control group, mitomycin C (1077 M)
caused considerable increases of MN frequencies,
COP at all applied concentrations (10400 mg/L) did
not alter MN/1000 cell frequencies in human lympho-
cytes in vitro (P > 0.05).

As shown in Table 2, two concentrations of COP
(50 and 100 mg/L™") caused a significant increase of
TAC levels in human lymphocytes compared with
the controls. On the other hand, COP did not change
the TOS levels in cultured lymphocytes at all
concentrations.

Discussion

In this study the cytotoxic, genotoxic/antigenotoxic
and antioxidant/oxidant activity of COP in vitro was
investigated using human lymphocyte cultures.
According to the literature, in vitro cytological,
genetical and biochemical effects of COP have still
not been evaluated. For this reason, we have studied

MN
(%) per 1000lymphocytes

Control- Control+ 10 25 50 100 200 400

Concentrations (mg/L')

Fig. 2 The percentages of micronucleus (%) in cultured human
lymphocytes exposed to various concentrations of COP. MN
Micronucleus; Control— negative control; Control+ positive
control; (mitomycin C: 1077 M). The bars marked by different
letter are different from each other at a level of 0.05
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Table 2 Total antioxidant capacity (TAC) and total oxidative
status (TOS) levels in cultured human lymphocytes incubated
with COP and in the control cultures

Concentrations TAC (Trolox TOS (H,O,
(mg/L) equiv./mmol Lfl) equiv./pmol L™
Control— 6.4 £+ 0.3° 112 £22°
Control+ 12.5 £ 0.8¢ 38.2 + 4.2°
10 7.6 £ 0.5° 11.6 £ 2.8°
25 7.8 £0.5° 11.7 £ 2.5°
50 9.4 £ 0.6° 113 £2.4°
100 9.1 4+ 0.5° 11.2 £ 2.6
200 74 4 04° 11.4 £25°
400 6.1 + 0.5° 11.8 £ 3.1°

Values are means & SD; means in the same column followed
by the different superscript letters present significant statistical
differences at the level of 0.05

the cytological, genetical and biochemical effects of
other sesquiterpenes. LDH and MTT assays were used
to measure the effects of COP applications on
cytotoxicity and cell viability in cultured human
lymphocytes. Analysis of MTT results revealed that
COP caused decreases of cell viability of human cells
at concentrations higher than 100 mg/L. Likewise,
LDH assay demonstrated that COP exhibited cyto-
toxic effects on human blood cells at 200 and 400 mg/
L. Our results are in accordance with recent studies
which have revealed that several sesquiterpenes such
as britannin (in HepG-2, MCF-7, MDBK and A-549
cells), artesunate (in rat hepatic stellate cells), gossy-
pol (in human retinoblastoma cells), dihydroartemis-
inin (in HepG2 human hepatoma cells), and
deoxynivalenol (in human lymphocyte cells) exhib-
ited antiproliferative effects in a concentration-depen-
dent manner (Meky et al. 2001; Moghadam et al. 2012;
Hsiao et al. 2012; Wang et al. 2012). In addition, Fiori
et al. (2011) reported that guaiazulene inhibited cell
growth in human gingival fibroblasts (under UV
irradiation) in a concentration-dependent manner.
Besides, Konigs et al. (2008) studied the effect of
deoxynivalenol in human primary hepatocytes and
compared these data to the effects in the HepG2 cell
line. They found that deoxynivalenol had a distinct
cytotoxic effect on human primary hepatocytes. Our
results reported that COP, as other sesquiterpenes,
showed a concentration-dependent cytotoxic effect.
In this study, we have evaluated the genetic effect
of COP on human lymphocyte cultures using SCE and

MN assay. Our findings indicate that COP is neither
genotoxic nor mutagenic on human lymphocytes since
the observed mean values of the frequency of SCE and
MN per cell was not found significantly different from
the control values on both cells. In parallel to this
finding beta-caryophyllene (a natural bicyclic sesqui-
terpene) at concentrations of up to 100 mg/L did not
produce any cytotoxicity and genotoxicity, as shown
by the frequency of micronuclei (MN) in cultured
human lymphocytes (Di Sotto et al. 2010). Likewise, it
was reported that zerumbone (a phytochemical ses-
quiterpene) from a type of edible ginger did not induce
genotoxicity in cultured human peripheral blood
lymphocytes (Al-Zubairi et al. 2010). Moreover,
baccharin (a kind of sesquiterpene that was isolated
from the aerial parts of Baccharis dracunculifolia)
treatment led to significant increases of DNA damages
(by comet test) in Chinese hamster lung V79 fibroblast
cells, but this difference was not found in the MN
assay (de Oliveira et al. 2012). On the other hand,
recent studies reported that gossypol and ptaquiloside
(a norsesquiterpene) were found to be genotoxic in
human lymphocyte cells by using SCE assay (Best and
McKenzie 1988; Gil da Costa et al. 2012). Likewise,
nivalenol (a sesquiterpene mycotoxin) showed organ
specific genotoxicity in cultured Chinese hamster
ovary (CHO) cells and in several mouse organs and
tissues like liver, kidney, thymus, bone marrow and
mucosa of stomach, jejunum, and colon using single
cell gel electrophoresis (SCGE) assay (Tsuda
et al.1998). In addition, ptaquiloside increased DNA
damage in human gastric epithelial cells as well as in a
mouse model (Gomes et al. 2012). Furthermore,
Aquino et al. (2011) reported that artesunate showed
weak genotoxic effects at low doses and clastogenic
effects at high doses in bone marrow cells from male
Swiss mice.

In our study, the in vitro antioxidant/oxidant capacity
of COP was determined by measuring TAC and TOS
levels. Two concentrations of COP (50 and 100 mg/L)
caused an increase in antioxidant capacity in cell
cultures. The Copaiba oil (containing COP sesquiter-
pene) from Copaifera multijuga Hayne was the most
potent, inhibiting both NO production and the pleurisy
induced by zymosan (Veiga Junior et al. 2007). In
addition, it was found that farnesol effectively suppress
1,2-dimethylhydrazine (DMH) induced colonic muco-
sal damage by ameliorating oxidative stress, inflamma-
tory and apoptotic responses (Khan and Sultana 2011).
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Besides, atractylon showed antioxidant activity in 1,1-
diphenyl-2-picrylhydrazyl radical (DPPH) radical scav-
enging assay (Hwang et al. 1996). In another study,
Haraguchi et al. (1997) demonstrated that 7-hydroxy-
3.4-dihydrocadalin and 7-hydroxycadalin, and flavo-
noids, quercetin, kaempferol sesquiterpenes protected
mitochondrial enzyme activity against oxidative stress.
Our findings are in accordance with previous reports on
antioxidant features of other sesquiterpenes, since our
TAC analysis indicated that treatments with COP also
supported the antioxidant capacity of the cells in vitro.
Also, all concentrations of COP did not cause an
increase in oxidative stress in human blood cell cultures.

As a result this study revealed that COP in the
culture of human is not genotoxic and also increased
the capacity of the antioxidant for the first time.
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