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Abstract Carvacrol (CVC) is a phenolic monoter-
pene present in many essential oils of medicinal and
aromatic plants and has attracted attention because of its
beneficial biological activities. To date, although var-
ious biological activities of CVC have been demon-
strated, its neurotoxicity on cultured primary rat neurons
and N2a neuroblastoma cells has never been explored.
Therefore, in this present study, we aimed to describe
in vitro antiproliferative and/or cytotoxic properties (by
3-(4,5 dimetylthiazol -2-yl)-2,5 diphenlytetrazolium
bromide (MTT) test), genotoxic damage potentials (by
single cell gel electrophoresis (SCGE) or Comet assay)
and antioxidant activities (by total antioxidant capacity
(TAC) and total oxidative stress (TOS) analysis) of
CVC in vitro. Dose (0400 mg/L) dependent effects of
CVC were tested on both cultured primary rat neurons
and N2a neuroblastoma cells. Statistical analysis of
MTT assay results indicated significant (p < 0.05)
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decreases of cell proliferation rates in both cell types
treated with CVC at 200 and 400 mg/L. On the other
hand, the mean values of the total scores of cells
showing DNA damage (for comet assay) was not found
significantly different from the control values for both
cells (p > 0.05). In addition, our results indicated that
10, 25 and 50 mg/L of CVC treatment caused increases
of TAC levels in cultured primary rat neurons but not in
the N2a cell line. However, CVC treatments led to
increases of TOS levels in cultured primary rat neurons
at only 400 mg/L while they led to increases of TOS
levels in N2a neuroblastoma cells at 200 and 400 mg/L.
The present findings demonstrated that CVC could be a
source of antioxidant and chemopreventive activities to
be studied on cancer diseases.
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Introduction

Neuroblastoma (NB), a neoplasm of the sympathetic
nervous system, is the second most frequently extra
cranial malignant tumor of childhood and the most
common solid tumor of infancy and affects approx-
imately 1 in 10,000 individuals (Betts et al. 2005; Park
et al. 2008). These tumors account for more than 7 %
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of malignancies in patients younger than 15 years
and around 15 % of all pediatric oncologic deaths
(Navarra et al. 2010). Despite of recent advances in
multi-modality treatment protocols, the advanced-
stage tumors remain aggressive and frequently resis-
tant to chemotherapeutic regimens with an overall
5-year survival rate of only 30-40 % (Kang et al.
2006). The rare adult patient with neuroblastoma may
have a very different outcome than pediatric patients.
The scattered reports in the medical literature of adults
with this disease suggest that, at least in some cases,
long term survival may be worse than for younger
patients, even in patients with localized disease,
although the course may be more prolonged (Matthay
1997; Esiashvili et al. 2007). On the other hand,
previous studies revealed that oxidative stress played a
key role in neurodegenerative disorders (Cadet and
Brannock 1998; Halliwell 2006). Mecocci et al.
(1994) reported that oxidative damage to DNA may
play a role in neurodegenerative diseases.

Recently, extensive efforts were made to investi-
gate therapeutic substances capable of reducing the
genotoxicity or carcinogenicity of various natural and
man-made mutagens in human life. These include
antibody, fatty acids, minerals, plant extract, lichen,
amino acids and vitamins (Turkez and Geyikoglu
2010; Aydin and Turkez 2011, 2012; Turkez and
Aydin 2012; Turkez et al. 2012a, b, c, d, e; Dirican
et al. 2012). So far, antioxidants have attracted much
interest with respect to their protective effect against
free radical damage that may be the cause of many
diseases including cancer (Shon et al. 2004). Mono-
terpenes are compounds found in the essential oils of
many plants, including fruits, vegetables and herbs
(Loza-Tavera 1999). One of which, CVC (1; 5-iso-
propyl-2-methylphenol) is mainly a naturally occuring
compound present in the essential oil fraction of
oregano and thyme (Lagouri et al. 1993; Arrebola et al.
1994). CVC has been used as food additive in the food
industry for a long time (Yu et al. 2012; Joca et al.
2012). Furthermore, previous reports indicated that
CVC has antimicrobial, antibacterial, antioxidant and
anticancer potentials (Gany and Mahdi 2008; Giweli
et al. 2012; Jaafari et al. 2012). Due to their important
biological effects, there is an increasing attention in
the evaluation of the antiproliferative effects induced
by several monoterpenes such as vallesiachotamine
and terpinen-4-ol on human melanoma and non-small
cell lung cancer cells (Soares et al. 2012; Wu et al.
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2012). To the best of knowledge the neurotoxic and/or
anticarcinogenic potentials of CVC have not been
investigated yet. It was aimed to determine whether
CVC could be a source of natural antioxidants or
potential anticancer agents for pharmaceutical appli-
cation in the present study. Therefore, we evaluated
different biological activities including cytotoxic,
genotoxic and oxidative effects of CVC on healthy
rat neurons and N2a neuroblastoma cells.

Materials and methods
Experimental design
Cell cultures

This study was conducted at the Medical Experimental
Research Center at the Ataturk University (Erzurum,
Turkey). The Ethical Committee of Ataturk University
approved the study protocol (B.30.2.ATA.0.23.85-
73). All procedures were performed in accordance
with the National Institute of Health Principles of
Laboratory Animal Care (Anonymous 1985). Primary
rat neuron cultures were prepared from brains of five
newborn Sprague-Dawley rats. The cerebral cortices
were dissociated with HBSS (HBSS; Si gma—Aldrich®,
Steinheim, Germany) + Trypsin-EDTA (% 0.25
trypsin— %0.02 EDTA; Sigma-Aldrich®), treated with
DNAse type 1 (120 U/ml, Sigma®, St. Louis, MO,
USA) and centrifuged. After having thrown away the
supernatant, Neurobasal Medium (NBM) and fetal
calf serum (PAN Biotech GmbH? Aidenbach, Ger-
many) were added to the residue. The cell pellet was
resuspended in phosphate buffer solution (PBA), and
the single-cell suspension was divided into 3.5 ml
samples in each of 10 flasks. The flasks were left in the
incubator confirming 5 % CO, at 37 °C in the ventile
position. The flasks were then changed with a fresh
medium of half of their volumes every 3 days until the
cells were developed (Daikhin and Yudkoff 2000).
We employed a cell line, N2a neuroblastoma, used
widely as a model for brain cancer. The rat brain
neuroblastoma cell line N2a was obtained from
Turkey FMD institute, Ankara, Turkey. Prior to the
experiments, the cells were thawed and grown in tissue
culture flasks as a monolayer in Dulbecco modified
Eagle medium, (DMEM; Sigma-Aldrich®) supple-
mented with 1 % glutamine, 0-5 % penicillin/
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streptomycin (PAN Biotech®) and 10 % fetal bovine
serum at 37 °C in a humidified (95 %) incubator with
CO; (5 %). The cultured cells were trypsinised with
trypsin/EDTA for a maximum of 5 min and seeded
with a sub cultivation ratio of 1:3-1:8.

MTT bioassay

The cells were seeded in 48-well plates. Cells were
incubated at 37 °C in a humidified 5 % CO2/95 % air
mixture and treated with carvacrol (CVC; (CHj),
CHCgH;3(CH3)OH, CAS No. 499-75-2; SAFC, Sigma-
Aldn'ch®) at different concentrations (10, 25, 50, 100,
200 and 400 mg/L) for 24 h. 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) substrate
solution was used according to the manufacturer’s
instructions (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 (DMSO) (Sigma—Aldrich®), and the
plates were analyzed using a Microquant reader at
570 nm wavelength.

SCGE assay

The comet assay also known as SCGE was performed
and scored with slight modifications according to
Singh et al. (1998), Kizilian et al. (1999), Tice et al.
(2000), Saleha Banu et al. (2000), Heaton et al. (2002),
Das et al. (2006) and Turkez (2011). The OxiSelect
96-Well Comet Assay kits (Cell Biolabs®, San Diego,
CA, USA) were used to perform this assay. Approx-
imately 5 x 10° of the 6-10 pL aliquots of neuron
cells treated as above along with untreated CVC were
mixed with 100 pl of comet agarose and layered on the
surface on slides. After the application of cover slips,
the slides were allowed to gel at 4 °C for 30—60 min.
The slides were immersed in freshly prepared cold
lysing solution and refrigerated overnight followed by
alkali treatment, electrophoresis and neutralization.
The dried slides were then stained using vista green
after appropriate fixing. The whole procedure was
carried out in dim light to minimize artifacts. DNA
damage analysis was performed at a magnification of
X 100 using a fluorescence microscope (Nicon Eclips
E6600, Japan) after coding the slides by one observer
(Aydin E). A total of 100 cells were screened per slide.
A total damage score for each slide was derived by
multiplying the number of cells assigned to each grade

of damage by the numeric value of the grade and
summing up all grades (giving a maximum possible
score of 400, corresponding to 100 cells at grade 4).

TAC and TOS analysis

The automated total antioxidant capacity (TAC) and
total oxidant status (TOS) assays were carried out in the
culture medium using commercially available kits (Rel
Assay Diagnostics®, Gaziantep, Turkey) on primary rat
neurons and N2a neuroblastoma cell cultures for 24 h.
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'- azin-
obis-(3- ethylbenzothiazoline-6-sulfonate (ABTS) rad-
ical 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-equiv-
alent) (Erel 2004). 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 Fe3+ 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 micro molar
hydrogen peroxide equivalent per liter (Erel 2005).

Statistical analysis

Statistical analysis was performed using SPSS Soft-
ware (version 18.0, SPSS, Chicago, IL, USA). For
statistical analysis of obtained data Duncan’s test was
used. Statistical decisions were made with a signifi-
cance level of 0.05.

Results

Anti-proliferative activity

Anti-proliferative activity was detected by the MTT
assay, a colorimetric method for determining the
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number of viable cells in proliferation (Fig. 1). The
addition of CVC at concentrations below 200 mg/L
for 24 h did not cause any change in the cell viability
of both cell cultures. However, the high doses of CVC
(200 and 400 mg/L) exhibited an highly cytotoxic
effect on cultured primary rat neurons and an anti-
proliferative effect on N2a neuroblastoma cells.

Genotoxicity assay

Comet assay was performed on cultured primary rat
neurons and N2a neuroblastoma cell line to measure
the genotoxic potential of CVC. As shown in Fig. 2,
the mean values of the total scores of cells showing
DNA damage (for SCGE assay) was not found
significantly different from the control values in both
cell cultures.

Antioxidant activity

Table 1 shows the biochemical data obtained with
various concentrations of CVC, on cultured primary
rat neurons and N2a neuroblastoma cells. As shown
from the results presented in Table 1, 25, 50 and
100 mg/L doses of CVC treatments did not lead to any
alterations in TAC levels while 10 mg/L dose of CVC
treatment caused significant increases of the TAC
levels in cultured primary rat neuron cells as compared
to control value. In contrast, CVC (at doses of 200 and
400 mg/L) caused significant decreases of TAC
levels. Similarly, CVC (at concentrations below
100 mg/L) did not lead to any alterations in the TAC
levels in rat N2a neuroblastoma cell line. However,
100, 200 and 400 mg/L of CVC caused significant
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Fig. 1 Cytotoxic effect of CVC on cultured primary rat neurons

and N2a neuroblastoma cells. Asterisk symbol represents
statistical difference from the control value at the level of 0.05
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Fig. 2 Induction of DNA damage by different concentrations
of CVC evaluated with cultures of primary rat neurons and N2a
neuroblastoma cells for 72 h (no values is significantly different
from the control at the 5 % level)

increases of TAC levels when compared to controls.
On the other hand, the TOS levels increased only at
400 mg/L doses of CVC in cultured primary rat
neurons. However, CVC did not change the TOS
levels in cultured primary rat neuron cells at doses
lower than 400 mg/L. In addition, CVC caused
statistically important (p < 0.05) increases in TOS
levels at concentrations higher than 100 mg/L in
comparison with control values for rat N2a neuro-
blastoma cell line.

Discussion

CVC is the major component of the essential oil
fraction of oregano and thyme (Ultee et al. 1999). At
this point, the anti-proliferative effects of CVC on
both cultured primary rat neurons and N2a neuroblas-
toma cells were evaluated by MTT assay in this study.
We found that 200 and 400 mg/L of CVC significantly
reduced the cell viability in both cell cultures. Our
findings are in accordance with published reports. In
fact, the results of previous investigations revealed
that several monoterpenes such as d-limonene (on
human normal epithelial prostate PZ-HPV-7 cells),
o-pinene, myrcene and linalool (on Vero monkey
kidney cells), stylosin (on human fetal fibroblast cells)
could have cytotoxic effects (Silva et al. 2007; Rabi and
Bishayee 2009; Rassouli et al. 2011). Similarly, Arist-
atile et al. (2011) reported that CVC (at concentrations
above 100 pg/mL) exposure caused increases of cell
death rates in human lymphocytes. Slamenova et al.
(2007) suggested that CVC exhibited cytotoxicity in
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Table 1 Total antioxidant capacity (TAC) and total oxidative stress (TOS) levels of cultured primary rat neurons and N2a neu-
roblastoma cells exposed to CVC for 24 h

Treatments with CVC (as
mg/L)

Cultured primary rat neurons

N2a neuroblastoma cells

TAC (mmol Trolox

TOS (mmol H,0,

TAC (mmol Trolox

TOS (mmol H,0,

equiv./L) equiv./L) equiv./L) equiv./L)
Control 345 +£50 21+03 59+ 0.6 28 +04
10 39.1 £+ 5.6* 21402 57+05 28 £0.3
25 352 +48 20+£02 57 +£0.6 2.6£03
50 347 +£45 21+£03 55+£05 27+£04
100 339+ 44 21+0.1 5.0 £ 0.5% 29+£03
200 279 £ 5.1* 20+£03 4.7 £ 0.6* 33 +05%*
400 26.1 £ 4.9* 2.4 £ 04* 43 £+ 0.6* 3.5+ 0.6%

Different superscripts denote significant differences within each column at the p < 0.05 level. Values are expressed as

means £ standard deviations of five experiments

* symbol denotes significant differences from control groups at the p < 0.05 level. Values are expressed as means + standard

deviations of five experiments

different mammalian cells (Caco-2, HepG2 and V79
cells). A recent study reported that CVC exerts an anti-
proliferative activity on MDA-MB 231 human meta-
static breast cancer cells (Arunasree 2010). Again, Yin
et al. (2012) revealed that CVC inhibited cell growth in
A549 lung carcinoma cells in a dose-dependent manner
and decreased cell viability was monitored at 24 h.
Again, it was determined that CVC suppressed in vitro
growth of mouse melanomas (He et al. 1997), human
larynx carcinoma (Stammati et al. 1999), Hep-G2 (Sivas
and Tomsuk 2011) and non-small cell lung cancer cells
(Koparal and Zeytinoglu 2003). The exact mechanisms
of the cytotoxic action of CVC are not known, but
oxidative stress is thought to be the main responsible
mechanism in its cellular toxicity. In addition to
oxidative stress, previous studies reported that different
mechanisms have been linked to plant products cyto-
toxicity, (I) including proteasome inhibition, (II) topo-
isomerase inhibition, (IIT) inhibition of fatty acid
synthesis, (IV) accumulation of p53, (V) induction of
cell cycle arrest, (VI) inhibition of phosphatidyl-inositol
3-kinase or (VII) enhanced expression of c-fos and
c-myc (Constantinou et al. 1995; Lepley et al. 1996;
Plaumann et al. 1996; Agullo et al. 1997; Chen et al.
1998; Kazi et al. 2004; Chen et al. 2005; Brusselmans
et al. 2005).

Our findings also indicate CVC is neither genotoxic
nor mutagenic on healthy neurons and N2a neuroblas-
toma cells using the comet assay since the observed
mean values of the total scores of cells showing DNA
damage (for SCGE assay) were not found significantly

different from the control values for both cells. In
parallel to this finding, Slamenova et al. (2011) reported
that chromosomal aberration assay (CA) in rat primary
hepatocytes did not prove any genotoxic activity of
CVC. CVC concentrations up to 25 pM did not induce
significant DNA strand breakage in V79 Chinese
hamster lung fibroblast cells (Undeger et al. 2009).
Furthermore, a recent study demonstrated that CVC did
not lead to DNA damage in rat lymphocytes and
hepatocytes (Aristatile et al. 2011). And, CVC did not
increase the formation of sister chromatid exchange
(SCE) rates, whereas it inhibited the rate of SCEs
induced by MMC for human peripheral blood lympho-
cytes (Ipek et al. 2003). Ipek et al. (2005) also found that
CVC strongly inhibited mutagenicity induced by
4-nitro-o-phenylenediamine and 2-aminofluorene in
Salmonella typhimurium TA98 and TA100 strains with
or without S9. Similarly, it was suggested that CVC
significantly reduced the level of DNA damage induced
by the strong oxidant hydrogen peroxide (H,O,) in
K562 cells demonstrated via comet assay (Horvathova
et al. 2007). In another study, the incubation of Hep G2
and Caco-2 cells in the presence of the whole scale of
concentrations of CVC led to a significant protection of
the cells studied from DNA strand breaks induced by the
potent oxidant H,O, (Slamenova et al. (2007)). In
contrast to our findings, a previous study (Azirak and
Rencuzogullari 2008) reported that CVC induced the
numerical CA in bone marrow cells of rats.

Some dietary antioxidants may have the potential as
adjuvant in cancer therapy by their ability to induce
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programmed cell death (apoptosis) (Zimmermann
et al. 2001). Recent studies in cell cultures showed
that some antioxidants, including vitamin E, vitamin
C, selenium, flavonoids, carotenoids, and terpenoids,
had anticancer effect (Sigounas et al. 1997; Borek and
Pardo 2002; Taper et al. 2004; Borek 2004; Salminen
et al. 2008). Previous investigations showed that
monoterpenes such as myrtenal, vallesiachotamine,
geraniol, terpinen-4-ol, linalool exhibited anticancer-
ogenic properties in different experimental (liver,
melanoma, prostate, nonsmall cell lung and breast
cancers) models (Ravizza et al. 2008; Hari Babu et al.
2012; Soares et al. 2012; Kim et al. 2012; Wu et al.
2012). CVC was suggested to have an important
in vitro antitumor effect against tumor cell lines, like
Hep-2 (Stammati et al. 1999), B16 (He et al. 1997) and
A-549 (Zeytinoglu et al. 2003; Koparal and Zeytino-
glu 2003).

Epidemiological studies have shown that antioxidant
compounds possessed anticarcinogenic effects to a
greater or lesser extent. And the intake of natural
antioxidants has been associated with reduced risks of
cancer (Cai et al. 2004). To evaluate the antioxidative
activity of CVC, TAC and TOS assays were performed
in this study. CVC applications at its low concentration
(10 mg/L) caused increases of TAC levels in cultured
primary rat neurons. Similar to our finding, Undeger
etal. (2009) found that 1,2.5,5, 10and 15 mg/L of CVC
showed a higher antioxidant capacity by using Trolox
equivalent antioxidant capacity (TEAC) assay in V79
Chinese hamster lung fibroblast cells. Recent studies
demonstrated that CVC had antioxidant properties
by employing oxygen radical absorbance capacity
(ORAC), TEAC, TRAP/TAR and 2,2-diphenyl-2-
picryl-hydrazil (DPPH) methods (Miguel et al. 2009;
Guimaraes et al. 2010; Amiri et al. 2011). On the
contrary, CVC (at 200 and 400 mg/L) caused significant
decreases in TAC levels and high concentrations of
CVC (only at400 mg/L) caused increases in TOS levels
in healthy neurons. In addition, high concentrations of
CVC (higher than 50 mg/L) caused significant
decreases in TAC levels and high concentrations of
CVC (at 200 and 400 mg/L) caused increases in TOS
levels in cancer cells in vitro. Our findings support the
results of the study by Lima et al. (2004), which revealed
that due to increasing concentrations monoterpenoid
compounds could lead to neurotoxicity by reducing of
total glutathione levels (TGSH) and leaking lactate
dehydrogenase (LDH) in primary rat hepatocytes.
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In conclusion, our results showed differences
between rat N2a neuroblastoma cells and cultured
primary rat neuron cells. This paper demonstrates that
the CVC possesses weak antioxidant and cytotoxic
activity in cultured primary rat neurons. In addition,
CVC has weak antioxidant properties and little
anticancer potentials in rat N2a neuroblastoma cell
line. The efficacy of anti-cancer chemotherapy is
limited by the cytotoxic effect on healthy cells due to a
lack of selectivity of CVC and poor uptake of the
therapeutics by N2a neuroblastoma cells.
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