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Abstract Sesquiterpenes have attracted much inter-

est with respect to their protective effect against

oxidative damage that may be the cause of many

diseases including several neurodegenerative disor-

ders and cancer. Our previous unpublished work

suggested that cyclosativene (CSV), a tetracyclic

sesquiterpene, has antioxidant and anticarcinogenic

features. However, little is known about the effects of

CSV on oxidative stress induced neurotoxicity. We

used hydrogen peroxide (H2O2) exposure for 6 h to

model oxidative stress. Therefore, this experimental

design allowed us to explore the neuroprotective

potential of CSV in H2O2-induced toxicity in new-

born rat cerebral cortex cell cultures for the first time.

For this aim, MTT and lactate dehydrogenase release

assays were carried out to evaluate cytotoxicity. Total

antioxidant capacity (TAC) and total oxidative stress

(TOS) parameters were used to evaluate oxidative

changes. In addition to determining of 8-hydroxy-2-

deoxyguanosine (8-OH-dG) levels, the single cell gel

electrophoresis (or Comet assay) was also performed

for measuring the resistance of neuronal DNA to

H2O2-induced challenge. Our results showed that

survival and TAC levels of the cells decreased, while

TOS, 8-OH-dG levels and the mean values of the total

scores of cells showing DNA damage (Comet assay)

increased in the H2O2 alone treated cultures. But pre-

treatment of CSV suppressed the cytotoxicity, geno-

toxicity and oxidative stress which were increased by

H2O2. On the basis of these observations, it is

suggested that CSV as a natural product with an

antioxidant capacity in mitigating oxidative injuries in

the field of neurodegenerative disorders.

Keywords Cyclosativene � Neuroprotection �
H2O2 � Primary neuron � DNA damage �
Oxidative stress

Introduction

Recent studies have implicated reactive oxygen spe-

cies (ROS) and reactive nitrogen species (RNS) are

generated by specialized plasma membrane oxidases

in normal physiological signalling by growth factors

and cytokines. In physiological levels, ROS and RNS

may actually play important roles for survival of most
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living organisms including intracellular signal trans-

duction and gene expression. However, their uncon-

trolled and excessive increases and exogenous

exposure cause damages to lipids, proteins, and

DNA (Thannickal and Fanburg 2000; Droge 2002;

Turrens 2003). Under extreme oxidative conditions, or

if the antioxidant protective mechanisms of cells are

compromised, cellular injury and death occur (Gey-

ikoglu and Turkez 2005a, b; Silva et al. 2010). In fact,

oxidative stress has been implicated in various path-

ological conditions involving cardiovascular disease,

cancer, neurological disorders, diabetes, ischemia/

reperfusion, other diseases and ageing (Pala and

Gurkan 2008; Moslehi et al. 2012; Kumar and

Khanum 2013).

Central nervous system cells were considered to be

more vulnerable to ROS and RNS toxicity due to their

inherent higher oxidative metabolism and less antiox-

idant enzymes as catalase (CAT) and superoxide

dismutase (SOD), as well as higher content of

membranous fatty acids (Olmez and Ozyurt 2012;

Stefanova et al. 2012). Accumulated evidences

showed that the most common neurodegenerative

disorders such as Alzheimer’s disease, Parkinson’s

disease, Huntington’s disease, multiple sclerosis,

stroke and brain trauma in which elevated levels of

ROS might induce severe cell damage through oxida-

tive stress (Nabavi et al. 2013; Si et al. 2013).

Consequently, due to the efficacy of antioxidant

natural compounds in preventing oxidative damage

in either cultured neuronal cells or in the brains of

animals treated with various neurotoxic agents, it was

suggested that antioxidants have important potential

therapeutic value as neuroprotective drugs in treat-

ment of many neurodegenerative disorders. Hence,

several antioxidants have been used to reduce oxida-

tive stress or damage in human body, animal models

and cell cultures (Turkez 2011; Dirican et al. 2012;

Jain et al. 2012; Sumathi et al. 2012; Farah et al. 2013;

Sozio et al. 2013; Cacciatore et al. 2012). Sesquiter-

penes, one of the most common terpenes, are a class of

natural products with a diverse range of attractive

industrial properties (Scalcinati et al. 2012). They

contain three isoprene units, which is fifteen carbons

and twenty-four hydrogens per molecule (C15H24).

There are more than 10,000 kinds of sesquiterpenes

(Davis and Croteau 2000). They have long been

investigated for biological activities; anticarcinogenic

(Afoulous et al. 2013), antimicrobial (Wang et al.

2013), antifungal (Kundu et al. 2013), antiinflamma-

tory (Wang et al. 2013), more recently, and antioxi-

dant activities (Abolaji et al. 2013). Also it was

reported that sesquiterpenes could provide protection

against H2O2 damage in many cell lines (Tang et al.

2005; Umemura et al. 2008; Gan et al. 2009; Turkez

et al. 2013). Cyclosativene (CSV) is a tetracyclic

sesquiterpene (Fig. 1). The volatile organic com-

pounds unique to Helminthosporium sativum, Hel-

minthosporium victoriae and Centaurea cineraria

from leaves included CSV (Crutwell-McFadyen

1998; Lodewyk et al. 2008; Beck et al. 2008). The

recent results of our previous unpublished work have

revealed that CSV exhibits many important biological

activities, including antioxidant activity and anticar-

cinogenic activity in cultured healthy rat neurons and

neuroblastoma tumour cells (Togar 2013). However,

whether CSV exerts protective effects against oxida-

tive cytotoxicity in neuronal models as a result of its

antioxidant property has not been investigated. There-

fore, the aim of the present study was to firstly evaluate

the cytotoxic [MTT and Lactate dehydrogenase

(LDH) assays], cytogenetic (Comet and 8-OH-dG

assays) and oxidative effects (TAC and TOS analysis)

of CSV against H2O2-induced neuronal damage using

new-born rat cerebral cortex cell cultures to explore

their neuroprotective potentials.

Materials and methods

Chemicals and reagents

CSV (CAS No. 22469-52-9, C15H24, purity: C98 %),

Dulbecco modified Eagles medium (DMEM), Hank’s

balanced salt solution (HBSS), neurobasal medium

(NBM), sodium phosphate (NaH2PO4), potassium

phosphate monobasic (KH2PO4), ethylenediaminete-

traacetic acid (EDTA), phosphate buffer solution

Fig. 1 Chemical structure of CSV
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(PBS), dimethylsulfoxide (DMSO), Triton-X-100,

DNase type 1, Tris, low melting point agarose, normal

melting point agarose, ethidium bromide were pur-

chased from Sigma-Aldrich� Inc (St. Louis, MO,

USA). Hydrogen peroxide was purchased from

Merck� (Darmstadt, Germany). Fetal calf serum

(FCS) and trypsin–EDTA were purchased from Biol

Ind� Inc. All other chemicals were of analytical grade.

Cell culture

Primary rat cerebral cortex neuron cultures were

prepared using rat foetuses as described previously

(Ban et al. 2006). Briefly, a total of nine new-born

Sprague–Dawley rats were used in the study. The rats

were decapitated by making a cervical fracture in the

cervical midline and the cerebral cortex was dissected

and removed. The cerebral cortex was placed into 5 ml

of HBSS, which had already been placed in a sterile

Petri dish and macromerotomy was performed with two

lancets. This composition was pulled into a syringe and

treated at 37 �C for 25–30 min as 5 ml HBSS plus 2 ml

Trypsin–EDTA (0.25 % trypsin–0.02 % EDTA) and

chemical decomposition was achieved. 8 ll of DNase

type 1 (120 U/ml), was added to this solution and

treated for 1–2 min, and centrifuged at 800 rpm for

3 min. After having thrown away the supernatant,

31.5 ml of NBM and 3.5 ml FCS were added to the

residue. The single cell which was obtained after

physical and chemical decomposition was divided into

3.5 ml samples in each of 10 flasks coated with poly-D-

lysine formerly dissolved in PBS. The flasks were left in

the incubator including 5 % CO2 at 37 �C. The flasks

were then changed with a fresh medium of half of their

volumes every 3 days until the cells were branched and

had reached a certain maturity and in vitro experiments

were performed 8 days later. This study was conducted

at the Medical Experimental Research Centres in

Ataturk University (Erzurum, Turkey). The Ethical

Committee of Ataturk University approved the study

protocol (B.30.2.ATA.0.23.85-73).

Treatments

Cytoprotective activities of CSV on 0.5 mM H2O2-

induced cell injury were investigated by MTT, LDH,

TAC, TOS and Comet assays and 8-OH-dG analysis.

For determining cytoprotectivity, the cells were seeded

into 48-well plate at a density of 5 9 104 cells/well for

16 h and then exposed to medium in the presence of

different concentrations of CSV for 0.5 h before

exposure to 0.5 mM H2O2 for 6 h. The cytotoxicity

and genotoxicity of CSV were also investigated. CSV

was dissolved in ethanol and ethanol was evaporated to

dryness at ambient temperature. CSV was applied into

cultures at concentrations of 6.25, 12.5, 25, 50 and

100 lg/ml for 24 h. The doses were selected according

to the works of Togar (2013) and Si et al. (2013). Cells

incubated without CSV and H2O2 was considered as

control group. The cell viability, oxidative alterations

and DNA damage analyses were carried out in four

totally independent experiments.

Evaluation of cell viability

MTT assay

Viability of cells was assessed by measuring the forma-

tion of formazan from MTT spectrophotometrically via

commercial kits (Cayman Chemical�, Ann Arbor, MI,

USA). At the end of the experiment, the neurons were

incubated with 0.7 mg/ml MTT for 30 min at 37 �C.

After washing the blue formazan was extracted from cells

with isopropanol/formic acid (95:5) and was photomet-

rically determined at 560 nm. The density of formazan

formed in control cells was taken as 100 % viability.

LDH assay

Lactate dehydrogenase released from damaged cells in

culture medium was quantified by using LDH assay kit

(Cayman Chemical�). A total of 100 ll of cell medium

was used for LDH analysis. Released LDH catalysed

the oxidation of lactate to pyruvate with simultaneous

reduction of NAD? to NADH. The rate of NAD?

reduction was measured as an increase in absorbance at

490 nm. The rate of NAD? reduction was directly

proportional to LDH activity in the cell culture.

TAC and TOS analyses

After cells were exposed to H2O2 for 6 h, the cultures

were washed with ice-cold PBS and homogenized with

0.9 % normal saline. Following homogenization, intra-

cellular levels of TAC and TOS were determined by

commercially available kits (Rel Assay Diagnostics�,

Gaziantep/Turkey).
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Evaluation of DNA damage

The DNA damage evaluation was performed by single

cell gel electrophoresis (SCGE also known as Comet

test) assay. After the application of coverslips, the

slides were allowed to gel at 4 �C for 30–60 min. The

slides were immersed in freshly prepared cold lysing

solution (2.5 M NaCl, 100 mM Na2EDTA, 10 mM

Tris, 1 % sodium sarcosinate, pH 10.0) with 1 %

Triton X-100 and 10 % DMSO added just before use

for a minimum of 1 h at 4 �C) and refrigerated

overnight followed by alkali treatment, electrophore-

sis (at 1.6 V/cm for 20 min, 300 mA) and neutraliza-

tion (0.4 M Tris, pH 7.5). The dried slides were then

stained using ethidium bromide (20 lg/ml) after

appropriate fixing for 10 min (Singh et al. 1988).

The whole procedure was carried out in dim light to

minimize artefact. DNA damage analysis was per-

formed at a magnification of 1009 using a fluores-

cence microscope (Nicon Eclips E6600, Tokyo,

Japan) after coding the slides by one observer (Togar

B). A total of 100 cells were screened per slide. A total

damage score for each slide was derived by multiply-

ing the number of cells assigned to each grade of

damage by the numeric value of the grade and

summing over all grades (giving a maximum possible

score of 500, corresponding to 100 cells at grade 5).

The scoring criteria for determining damage levels in

cultured neurons treated with the compounds in our

Comet analysis are shown in Fig. 2.

Nucleic acid oxidation

8-hydroxy-20-deoxyguanosine assay kits were pur-

chased from Cayman Chemical� for determining 8-

OH-dG levels in the cultures. Since it is a competitive

assay that can be used for the quantification of 8-OHdG

in homogenates and recognizes both free 8-OHdG and

DNA-incorporated 8-OH-dG, many researches have

been performed using this protocol. This assay depends

on the competition between 8-OHdG and 8

OHdGacetylcholinesterase (AChE) conjugate for a

limited amount of 8-OHdG monoclonal antibody (Ab-

del-Wahab and Metwally 2011). All procedures were

carried out in accordance with the provider’s manual.

Data analysis

The data are expressed as the mean ± standard deriva-

tion (SD) of four repetitions. One-way analysis of

variance (ANOVA) was used to determine the signif-

icant differences between the groups followed by a

Dunnett’s t test for multiple comparisons. A probability

\0.05 was considered as significant. All analyses were

performed using SPSS version 15.0 (SPSS Inc�).

Results

The cultured rat primary cerebral cortical neurons

exposed to 6.25, 12.5, 25, 50 and 100 lg/ml

Fig. 2 Viability of rat primary cortical neurons after 24 h

exposure to (0–100 lg/ml) CSV. The results are presented as

percentage of the control group (n = 4). Data are expressed as

mean ± SD. Values with the same superscript letters are not

significantly different from each other at the level of p \ 0.05
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concentrations of CSV did not show any significant

alterations in cell viability during 24 h as determined

by MTT and LDH assays (Figs. 2, 3). When cerebral

cortical neurons were exposed to 0.5 mM H2O2, MTT

absorbance was 42.4 ± 1.9 % of that of untreated

controls, indicating that H2O2 caused neuronal cell

death. CSV applications significantly inhibited the

decrease of MTT reduction by 0.5 mM H2O2. In fact,

in cultures treated with CSV (12.5, 25 and 50 lg/ml),

H2O2-induced neuronal death was significantly

reduced (Fig. 4). H2O2-induced neuronal cell death

was clearly evidenced by five folds increases (from

0.98 to 4.76 mU/ml) in the activity of LDH compared

with the observations of untreated controls. In con-

trast, 12.5, 25 and 50 lg/ml of CSV significantly

blocked the H2O2-induced elevation of intracellular

LDH release (Fig. 5).

Table 1 reflects the oxidant-antioxidant profile of

CSV on cultured primary rat neurons. As seen from the

table: the applications with the lowest concentrations

(6.25 lg/ml) of CSV compounds did not lead to any

alterations in TAC levels while higher concentrations

of CSV below 100 lg/ml (12.5, 25 and 50 lg/ml)

significantly (p \ 0.05) increased TAC levels com-

pared to control value. In fact, after CSV applications

at 25 lg/ml for 24 h, the TAC levels reached to a

Fig. 3 Extracellular level of LDH in cultured rat cortical neurons maintained in the presence of CSV for 24 h. The abbreviations are as

in Fig. 4

Fig. 4 The effects of CSV applications on cell viability against

H2O2-induced cell death. The cells were pre-treated with

different CSV concentrations for 30 min before exposure to

0.5 mM H2O2 for 6 h. Then, cell viability of CSV treated

cultures was determined via MTT assay. CSV1 12.5 lg/ml CSV,

CSV2 25 lg/ml CSV, CSV3 50 lg/ml CSV, H2O2 0.5 mM

hydrogen peroxide. The results are presented as percentage of

the control group (n = 4). Data are expressed as mean ± SD.

Values with the same superscript letters are not significantly

different from each other at the level of p \ 0.05
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maximum of the observed level as 20.97 %. Whereas

CSV treatments at concentration of 100 lg/ml did not

lead to increases of TAC levels. Therefore we have

determined the most suitable/applicable concentra-

tions as 12.5, 25 and 50 lg/ml for investigations

dealing with their in vitro protective effects in this

study.

Results revealed that exposure to H2O2 for 6 h

resulted in significant decreases in the TAC levels as

compared to those of the untreated group. Also, the

addition of H2O2 for 6 h led to a significant elevation

in the level of TOS as compared to that of the control

group (Table 2). Results of the present study demon-

strated that level of TAC was significantly increased in

cortical neurons pre-treated with CSV as compared to

those of H2O2-intoxicated cultures. Also, pre-expo-

sure to CSV led to a significant augmentation in the

levels of TOS as compared to those of H2O2-intoxi-

cated cultures (Table 2).

In the Comet assay, no significant difference in the

induction of DNA damage was observed between the

groups treated with CSV concentrations of 6.25, 12.5,

25, 50 and 100 lg/ml and the negative control for 24 h

(Table 3). However, DNA damage was significantly

increased by H2O2-intoxication at 0.5 mM for 6 h

when compared to the untreated group. Furthermore,

CSV pre-treatments significantly reduced DNA dam-

age in cultures treated with the three concentrations of

the compound (12.5, 25 and 50 lg/ml) plus H2O2

when compared to treatment with H2O2 alone. The

highest percent reductions in DNA damage for CSV

treatment was 27.05 % (Table 4). The scoring criteria

for determining DNA damage levels using comet

formations in cultured neurons treated with the

compounds are shown in Fig. 6. The levels of 8-OH-

dG, a hallmark of oxidative stress-DNA base damage,

were measured using an 8-OH-dG detection kit. There

were no significant differences between the intracel-

lular levels of 8-OH-dG in the control and all CSV

treated groups. On the contrary, the intracellular level

of 8-OH-dG was significantly higher in H2O2-treated

cultures in comparison with untreated cultures. But

pre-treatment of CSV decreased the 8-OH-dG forma-

tions which were increased by H2O2. The percent

decreases ranged from 4.65 to 16.27 % (Table 4). The

highest percent reductions in the adduct formation for

CSV treatment (at 25 lg/ml) was 34.88 % (Table 4).

Discussion

Neurons have been known to be more susceptible to

oxidative damage than other cells due to their high

oxygen consumption, low activity of antioxidant

enzymes, elevated concentration of polyunsaturated

fatty acids in the cell membrane, high number of

mitochondria, unfavourable space/volume ratio and

vicinity of microglia cells which are likely to produce

increased amounts of superoxide radical (Karpinska

and Gromadzka 2013). Based on this, searching for

neuroprotective drugs of natural origin against oxida-

tive stress-induced neuronal death has thereby

attracted increasing research interests. In particular

our investigation has been focused on cortex cells

Fig. 5 The effects of CSV applications on H2O2-induced LDH

release. The cells were pretreated with different CSV concen-

trations for 30 min before exposure to 0.5 mM H2O2 for 6 h.

After, intracellular levels of LDH were measured in CSV treated

cultures. The abbreviations are as in Fig. 4
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since they were evaluated as vulnerable to Alzhei-

mer’s and Parkinson’s pathologies via oxidative stress

(Di Stefano et al. 2010; Sozio et al. 2010; McCarthy

et al. 2012; Suntrup et al. 2013). In comparison to

more mature neurons in culture, immature neurons are

particularly susceptible to cell damage induced by

oxidative stress, for example, by H2O2 (Chen et al.

2009). Thus, primary cultured cortical neurons are

commonly used as a suitable in vitro model system for

protection against H2O2-induced cellular damages.

Cyclosativene was recently shown to have antiox-

idant properties (Togar 2013). However, perhaps for

the first time, here different CSV applications were

shown to have protective effects against H2O2-

induced cell death in primary cultures of cortical

neurons. H2O2, the freely diffusible form of ROS, is

generated by different intracellular reactions. Extra-

cellular H2O2 might cross membranes, thereby

directly altering their intracellular concentrations.

Hence, neuronal overload with ROS initiated a chain

of deleterious cellular responses via forming oxidative

stress (Kang et al. 2012). LDH leakage and MTT

assays were performed for in vitro cytotoxicity testing

since they were considered as sensitive, accurate and

rapid methods (Avalos Funez et al. 2013). In this

study, the cytotoxic effects of H2O2 on cultured rat

cortical neuronal cells were demonstrated by its strong

inhibition on cell viability (Fig. 4) and elevated LDH

leakage (Fig. 5). Our findings also revealed that CSV

pre-treatments at lower concentrations than 100 lg/ml

reduced the cytotoxicity by H2O2. These results

suggest that CSV is capable of reducing H2O2-induced

Table 1 In vitro levels of TAC (as mmol Trolox Equiv./L)

and TOS (as mmol H2O2 Equiv./L) in cultured rat cortical

neurons maintained in the presence of CSV for 24 h. The

abbreviations are as in Fig. 4

Concentrations (lg/ml) CSV

TAC level TOS level

Control 28.6 ± 3.0a 1.7 ± 0.1a

6.25 29.4 ± 3.2a 1.7 ± 0.2a

12.5 32.0 ± 2.9b 1.5 ± 0.2a

25 34.6 ± 3.1c 1.7 ± 0.2a

50 30.4 ± 3.4b 1.6 ± 0.3a

100 28.0 ± 3.4a 1.7 ± 0.3a

The same column followed by the different superscript letters

present significant differences at the p \ 0.05 level

Table 2 The effects of CSV applications on oxidative alter-

ations by H2O2 in vitro. The cells were pre-treated with dif-

ferent CSV concentrations for 30 min before exposure to

0.5 mM H2O2 for 6 h. Then, oxidative effects of CSV treated

cultures were determined via TAC and TOS assays. The

abbreviations are as in Fig. 4

Treatments CSV

TAC level TOS level

Control 28.6 ± 3.0d 1.7 ± 0.1a

H2O2 (0.5 mM) 13.6 ± 2.5a 4.8 ± 0.4d

CSV1 ? H2O2 15.5 ± 2.7b 3.0 ± 0.3b

CSV2 ? H2O2 17.8 ± 2.4c 2.2 ± 0.3c

CSV3 ? H2O2 15.2 ± 2.8b 3.3 ± 0.3b

The same column followed by the different superscript letters

present significant differences at the p \ 0.05 level

Table 3 Total DNA damage score (Comet assay) and the

levels of 8-OH-dG adducts (as pg/ml) in cultured rat cortical

neurons maintained in the presence of different CSV concen-

trations for 24 h. The abbreviations are as in Fig. 4

Concentrations (lg/

ml)

CSV

Total DNA damage

score

8-OH-dG

level

Control 35.4 ± 5.3a 0.9 ± 0.1a

6.25 36.3 ± 5.1a 0.9 ± 0.2a

12.5 36.0 ± 5.4a 1.0 ± 0.1a

25 35.9 ± 5.5a 1.1 ± 0.3a

50 37.3 ± 4.6a 1.0 ± 0.1a

100 37.8 ± 5.1a 1.0 ± 0.2

The same column followed by the different superscript letters

present significant differences at the p \ 0.05 level

Table 4 The effect of CSV pre-treatments on DNA damage

and 8-OH-dG levels (as pg/ml) generated by H2O2 treatment.

The abbreviations are as in Fig. 4

Treatments CSV

Total DNA damage score 8-OH-dG level

Control 35.4 ± 5.3a 0.9 ± 0.1a

H2O2 (0.5 mM) 196.3 ± 21.4d 4.3 ± 0.3c

CSV1 ? H2O2 174.5 ± 24.5c 3.5 ± 0.3bc

CSV2 ? H2O2 143.2 ± 26.8b 2.8 ± 0.3b

CSV3 ? H2O2 180.1 ± 24.9c 4.0 ± 0.3c

The same column followed by the different superscript letters

present significant differences at the p \ 0.05 level
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cytotoxicity and lipid peroxidation. Our findings were

in line with previous reports. Gan et al. (2009) reported

that linderagalactone E (5), linderane, hydroxylinde-

stenolide, and linderalactone showed hepatoprotective

activity against H2O2-induced oxidative damages

on HepG2 cells. In addition, huperzine A showed

protective activity against H2O2-induced damage in

SHSY5Y cells (Tang et al. 2005). Moreover, Turkez

et al. (2013) found that a-FNS and b-FNS, naturel

sesquiterpenic compounds, were capable of protecting

against H2O2-induced cytotoxicity and oxidative

DNA damage in cultured rat primary cortical neuronal

cells. Since, high levels of exogenously generated

H2O2 induced cell death via extensive DNA damage

(Panieri et al. 2013) and Comet formations with

almost all DNA in the tail were often referred to as

‘hedgehog’ Comets and are widely assumed to

represent apoptotic cells (Lorenzo et al. 2013): we

further determined high rates of total damage scores

indicating increases of DNA strand breaks, alkali-

labile sites and incomplete excision repair in cells after

H2O2 intoxication. Here, we also presented evidence

that CSV pretreatment possessed strong protective

effect against H2O2-induced DNA damage in cultured

cortical neurons.

Consistent with the protective effect on cytotoxicity

caused by H2O2, CSV displayed a significant protec-

tive capability against H2O2-induced DNA damage

(Table 4, Fig. 6). ROS-induced oxidative DNA dam-

age has been implicated in mutagenesis and carcino-

genesis and has attracted much attention in the last

years since ROS might attack DNA readily, generating

a variety of DNA lesions, such as oxidized bases and

strand breaks (Turkez and Togar 2010; Hassan et al.

2013). Then, ROS-induced DNA damage is believed

to contribute to carcinogenesis, aging and neurode-

generation (Maynard et al. 2009; Mehri et al. 2012).

Recent reports revealed that both mitochondrial

Fig. 6 The scoring criteria for determining damage levels in cultured neurons (A Class 0 (undamaged); B class 1 (slightly damaged); C

class 3 (damaged); D class 4 (highly damaged); E class 5 (very highly damaged); F class 6 (extremely damaged)
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oxidative damage and oxidative DNA damage played

important roles in the pathogenesis of many neurode-

generative diseases like Alzheimer’s and Parkinson’s

(Isobe et al. 2010). In addition to Comet test, oxidative

DNA damage was also evaluated in cell cultures by

measuring the 8-OH-dG level, since, in particular, this

marker is most frequently measured as an indicator of

oxidative DNA damage in neuronal degeneration

models both in vitro and in vivo (Kikuchi et al. 2011).

We observed significant elevation in 8-OH-dG release

from neurons was observed after treatment with H2O2,

in contrast, low-dose of CSV pre-treatments led to

significant decreases in 8-OH-dG release (Table 4).

Here, we also presented evidence that CSV pre-

treatment possessed protective effect against H2O2-

induced DNA damage in cultured cortical neurons.

The neuroprotection of CSV against H2O2-induced

oxidative cell death in cultured cortical neurons was

further thought to be likely associated with alleviation

of free radical production, although little is known on

the antioxidative property of CSV and its mechanisms

have not been elucidated yet. To further explore the

mechanism of the in vitro protective effect of CSV on

H2O2-induced oxidative damage in cortical neurons,

TAS and TOS levels were also analysed. The results

in Tables 1 and 2 show that CSV applications

increased TAC levels of the cells without any

alterations in TOS levels as compared to untreated

cultures. Hence, our results suggest that CSV is

capable of suppressing intracellular H2O2 formation.

Although other mechanisms are possible, the above

observations involving neuroprotective actions might

be explained by suppressing intracellular H2O2 for-

mation via pre-treatment with CSV. However recent

studies suggested several molecular mechanisms for

natural antioxidants-mediated neuroprotection against

H2O2 intoxication. In fact, these mechanisms were

found to be related with activation of the PI3K/Akt

and alpha 2-adrenergic signalling pathways, tyrosine

kinase of Trk receptors, inhibition of n-methyl-d-

aspartic acid (NMDA) receptors, and regulation of

apoptosis (Hou et al. 2003; Shin et al. 2003; Jiang

et al. 2003; Liu et al. 2010; Iizuka et al. 2010; Zhang

et al. 2012; Vlasova et al. 2013).

In summary, the present findings suggest that CSV,

a natural sesquiterpenic compound, is capable of

protecting against H2O2-induced cytotoxicity and

oxidative DNA damage in cultured rat primary

cortical neuronal cells. Taken together, present data

suggest that CSV compound may prevent neurode-

generation via the antioxidative and antigenotoxicity

mechanisms and have potential therapeutic values for

Alzheimer’s and Parkinson’s like neurodegenerative

disorders of central nervous system. Further studies

will be needed to clarify the mechanisms involved.
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