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Abstract
Cyclotrichium niveum (Boiss.) Manden. & Scheng., a herb of the Labiate family, has been widely used as a
flavoring agent in Turkey; it was examined for its antioxidant potential and DNA damage protecting activity. The antioxidant activity of C. niveum aerial parts (stems, leaves, and flowers) was determined from the
methanol extract. The antioxidant potency of methanol extract of C. niveum was investigated employing
various established in vitro systems, such as lipid peroxidation in rat brain homogenate, 1,1-diphenyl2-picrylhydrazyl (DPPH), hyrdoxyl radical scavenging, reducing power, iron chelation, and inhibitory
effect on protein oxidation. The methanol extract of C. niveum was able to reduce the stable free radical
DPPH with an IC50 of 78.15 µg/mL. The metal chelating ability was found to be low compare with EDTA.
Methanol extract of C. niveum aerial parts showed strong inhibitory activity toward lipid peroxidation of
rat brain homogenate induced by the FeCl2-H2O2 system. Furthermore, C. niveum extract exhibited a strong
concentration-dependent inhibition of deoxyribose oxidation. The effect on DNA cleavage induced by
H2O2 UV-photolysis was also investigated. It showed a concentration-dependent free radical scavenging
capacity and protective effect on DNA cleavage. In addition, the oxidative damage of bovine serum albumin (BSA), induced by hydroxyl radical in an acellular system, was inhibited by 10-1000 µg/mL of methanol
extract of C. niveum. The total phenolic content of C. niveum was detected in methanol as 200.9 µg gallic
acid/mg extract. These results clearly demonstrated that C. niveum extract possesses a marked antioxidant
activity and it is a potential source of natural antioxidants.
Keywords: Cyclotrichium niveum; antioxidant activity; DNA damage; radical scavenging ability; lipid
peroxidation; protein oxidation

Introduction
Oxidative stress is defined in general as excess formation and/or complete removal of highly reactive molecules such as reactive oxygen species (ROS). Excess
production of free radicals and reactive oxygen species
(ROS), such as singlet oxygen (1O2*), superoxide anion
(O2.-), hydrogen peroxide (H2O2), peroxyl radical (RO2 .),
and hydroxyl radicals ( .OH), are thought to cause oxidative damages including lipid peroxidation, DNA lesions,
and protein fragmentation within the cells of biological macromolecules. It is widely acknowledged that
the accumulation of oxidative damage of intracellular

macromolecules is an essential element in aging processes and in certain degenerated diseases like cancer,
inflammation cardiovascular and neurodegenerative
diseases and others (Kumar & Chattopadhyay, 2007).
Antioxidants are substances that delay or prevent the
oxidation of cellular oxidizable substrates. They exert
their effects by scavenging ROS or preventing the generation of ROS (Halliwell et al., 1992). The beneficial
effect of antioxidants on promoting health is believed
to be achieved through several possible mechanisms,
such as directly reacting with and quenching free radicals, chelating transition metals, reducing peroxides,
and stimulating the antioxidative defense enzyme
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system (Zhou et al., 2004). It has also been proposed
that antioxidant activity of plant origin components
can be mainly ascribed to the presence of phenolic
compounds (Heim et al., 2002). Many polyphenolic
compounds as flavonoids and phenolic acid from plant
materials such as herb extract have shown the antioxidant activity against ROS (Pieta, 2000). Phenolic compounds are not evenly distributed in plant parts; they
are present at elevated amounts in the outer parts of the
fruits, leaves and bark (Kahkonen et al., 1999).
The safety and toxicity of synthetic antioxidants have
been important concerns; therefore, attention has been
focused on the use of natural antioxidants for inhibition
or protection from oxidative damage. Synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG) and tertiary
butylhydroquinone (TBHQ), often used in foods to prevent oxidative degradation, are known to have toxic and
carcinogenic effects on human health (Barlow, 1990;
Chan, 1987; Imadia et al., 1983). Therefore substitution
of synthetic antioxidants by natural ones and the screening of plant species for identifying new antioxidants have
become critically important in recent years (Elzaawely
et al., 2005). Therefore, many researchers have focused
on natural antioxidants and in the plant kingdom
numerous crude extracts and pure natural compounds
were previously reported to have antioxidants properties (Rajeshwar et al., 2005).
The genus Cyclotrichium (Labiate) is represented in
Turkish flora by 15 species, of which two are endemic
(Tepe et al., 2005). Some members of this genus, especially C. niveum (Boiss.) Manden. & Scheng., known
as “Dağ Nanesi” in Turkish, have been used as tea and
C. origanifolium known as “Nane Ruhu” in Turkish is
widely used in Turkey as a flavoring agent in soup and
salads. C. niveum is an annual herb used in the traditional medicine of Turkey for treating influenza, nausea
and muscle pain disorders (Akkus-Cetinus et al., 2007).
Few scientific studies are available in the literature on
the genus Cyclotrichium (Baser et al., 1994, 1996, 2001;
Tepe et al., 2005; Doganca et al., 1989).
As far as our literature survey could ascertain, there
is no report on the antioxidant activity of aerial parts of
methanol extract of C. niveum. The aim of the present
study is to investigate the antioxidant and DNA damage
protecting activity of aerial parts of a methanol extract
of C. niveum.

Materials and methods
Chemicals
DPPH (2,2-diphenyl-1-picrylhydrazyl), TBA (thiobarbituric acid), 2-deoxy-d-ribose, butylated hydroxytoluene

(BHT), butylated hydroxyanisole (BHA), -tocopherol,
l-ascorbic acid, iron(III) chloride, iron (II) chloride, gallic acid, sodium carbonate, trichloroacetic acid (TCA),
potassium ferricyanite, 2-thiobarbituric acid (TBA),
agarose and ethidium bromide (EtBr), ferrocene, EDTA
were purchased from Sigma-Aldrich (St Louis, MO),
Folin-Ciocalteu’s phenol reagent was obtained from
Merck (Darmstadt, Germany). Plasmid miniprep kit was
obtained from Qiagene (Valencia, CA).
Plant material and extraction
Plant material was collected in Adıyaman; Kahta
Narinciye village-side of Nemrut Mountain in the south
east of Turkey in July 2005. A voucher specimen has been
deposited at the herbarium of the Department of Biology,
Faculty of Science and Art, Dicle University (voucher no.
ASE 2005-351 (DUF). It was identified by A. Selçuk Ertekin
from the same institution. Aerial parts (stems, leaves and
flowers) were dried for 10 days at room temperature.
Aerial parts of C. niveum (20 g) were ground in an electric
blender and then incubated into a glass flask with 250 mL
of methanol for 3 days on a magnetic stirrer, filtered, and
concentrated by using a rotary evaporator (RE 100B,
Bibby Strilin Ltd, UK). The crude methanol extract of C.
niveum (8.0 g), as a green colour, was obtained and kept
in dark glass bottles at 4°C until use.
Determination of total phenolic compounds
The content of total phenolic compounds in the methanol extract of C. niveum was determined using FolinCiocalteus reagent according to the method of Singleton
and colleagues (1999). Crude methanol extract (40 µL)
of C. niveum (1 mg/mL) was mixed with 200 µL FolinCiocalteus reagent and 1160 µL of distilled water, followed by 600 µL 20% sodium carbonate (Na2CO3) 3 min
later. The mixture was shaken for 2 h at room temperature
and absorbance was measured at 765 nm. All tests were
performed in triplicate. Gallic acid was used as a standard. The concentration of total phenolic compounds in
C. niveum was determined as a µg of gallic acid equivalents per 1 mg of extract using the following equation
obtained from a standard gallic acid graph (R2 = 0.9878):
Absorbance = 0.0012 × gallic acid (µg).
Scavenging activity of DPPH radical
The free radical scavenging activity of C. niveum was
measured by 1,1-diphenyl-2-picryl-hydrazil (DPPH)
using the previously reported procedure (Shimada
et al., 1992). Briefly, 0.1 mM solution of DPPH in ethanol
was prepared. Then, 1 mL of this solution was added to
3 mL of C. niveum solution at different concentrations
(50–500 µg). The mixture was shaken vigorously and
allowed to stand at room temperature for 30 min. Then
the absorbance was measured at 517 nm in a spectrophotometer (Shimadzu, UV/Visible Recording, Kyoto,
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Japan). Lower absorbance of the reaction mixture indicated higher free radical scavenging activity. The radical
scavenging activity was calculated as follows: scavenging effect (%) = [(A517 of control-A517 of sample/A517 of
control)] × 100.
Butylated hydroxytoluene (BHT) and -tocopherol
were used as positive controls. IC50 values were calculated by linear regression analysis using Prism 2.0 version software.
Metal chelating activity
The chelating of ferrous ions by the C. niveum and
standards was estimated by the method of Dinis et al.
(1994). Briefly, extracts (50–500 µg) were added to a
solution of 2 mM FeCl2 (0.05 mL). The reaction was initiated by the addition of 5 mM ferrozine (0.2 mL) and
the mixture was shaken vigorously and left standing
at room temperature for 10 min. After the mixture had
reached an equilibrium, the absorbance of the solution
was measured spectrophotometrically at 562 nm in a
spectrophotometer (Shimadzu, UV/Visible Recording).
The percentage of inhibition of ferrozine-Fe2+ complex
formation was given by the formula % inhibition =
[(A0-A1)/A0] × 100, where A0 is the absorbance of the control, and A1 is the absorbance in the presence of samples
of extracts or standards. The control does not contain
FeCl2 and ferrozine, complex formation molecules.
Determination of reducing power
The reducing power of C. niveum was determined
according to the method of Oyaizu (1986). Different
concentrations of C. niveum (50, 100 and 250 µg) in 1 mL
of distilled water were mixed with phosphate buffer
(2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide
[K3Fe(CN)6] (2.5 mL, 1%). The mixture was incubated
at 50°C for 20 min. A portion (2.5 mL) of TCA (10%) was
added to the mixture, which was then centrifuged for
10 min at 1000 × g (Centruin 8000 Series). The upper
layer of solution (2.5 mL) was mixed with distilled water
(2.5 mL) and FeCl3 (0.5 mL, 0.1%), and the absorbance was measured at 700 nm in a spectrophotometer
(Shimadzu, UV/Visible Recording). Higher absorbance
of the reaction mixture indicated greater reducing power.
Butylated hydroxytoluene and -tocopherol were used
as standards.
Deoxyribose assay
The reaction mixture, containing methanol extract of C.
niveum (10-100 µg/mL), was incubated with deoxyribose
(10 mM), H2O2 (50 mM), FeCl3 (10 µM), EDTA (1 mM)
and ascorbic acid (10 mM) in potassium phosphate
buffer (50 mM, pH 7.4) for 60 min at 37°C (Halliwell et al.,
1987). Then reaction was terminated by adding 1 mL of
10% TBA (1% w/v) and 1 mL of TCA (2% w/v) and then
heating the tubes in a boiling water-bath for 15 min.

The contents were cooled and the absorbance of the
mixture was measured at 532 nm against reagent blank.
Decreased absorbance of the reaction mixture indicated
decreased oxidation of deoxyribose: % inhibition =
[(Ac-As)/Ac] × 100, where Ac is the absorbance of the control, and As is the absorbance in the presence of samples
of extracts or standards.
Effect of C. niveum on pBluescript M13+ plasmid
DNA scission induced by hydroxyl radical
DNA damage protective activities of C. niveum methanol extract was checked on pBluescript M13(+) plasmid
DNA. Plasmid DNA was isolated by Qiagene plasmid
miniprep kit (Kızıl et al., 2003). Plasmid DNA was oxidized with H2O2 + UV treatment in presence of C. niveum
extract and checked on 1% agarose after modification
(Attaguile et al., 2000). In brief, the experiments were
performed in a volume of 10 µL in a microcentrifuge tube
containing 200 ng of plasmid DNA in phospate buffer
(7.14 mmol phospate and 14.29 mmol NaCl), pH 7.4,
H2O2 was added at a final concentration of 2.5 mmol/L
with and without 1 µL of (100, 200, 300, 400 µg/mL)
methanol extract. The reactions were initiated by UV
irradiation and continued for 5 min on the surface of a
UV transilluminator (8000 µW cm−1) at 300 nm at room
temperature. After irradiation, the reaction mixture
(10 µL) with gel loading dye was placed on 1% agarose
gel for electrophoresis. Electrophoresis was performed
at 40 V for 3 h in the presence of ethidium bromide
(10 mg/mL). Untreated pBluescript M13+ plasmid DNA
and Pst digest plasmid DNA were used as a control in
each run of gel electrophoresis along with partial treatment, i.e., only UV treatment and only H2O2. Percentage
inhibition of the DNA strand scission was calculated
as follows: Inhibition (%) = I−[(Sm + a − Sc)/(Sm − Sc)],
where Sm+a is the percentage remaining supercoiled
after treatment with mix plus agent, Sc is the percentage
remaining supercoiled in control untreated plasmid and
Sm is the percentage remaining supercoiled with mix
without agent (Fukuhara & Miyata, 1998).
Densitometric analysis of treated and control
pBluescript M13(+) plasmid DNA
Gel was scanned on the gel documentation system (GelDoc-XR, BioRad, Hercules, CA). Bands on the gels were
quantified discovery series Quantity One program (version 4. 5. 2, BioRad).
Antilipoperoxidant activity of C. niveum extract
by TBARS assay
Preparation of rat brain homojenate (10 w/v)
The brain homogenate was prepared according to the
method described previously (Song et al., 2003). Wistar
albino rats (150 ± 25 g) of either sex procured from
DUSAM (Dicle University Medicinal Research Centre)
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were used for this study. The animals were kept in polypropylene cages at the temperature of 22 ± 2°C. They were
fed with standard pelleted feed (DUSAM) and water ad
libitum. The study was approved by institutional animal
ethical committee of Dicle University (IAEC).
The brain was excised, perfused and homogenized
with 120 mM KCl, 50 mM phosphate buffer, pH 7.4 (1:10
w/v). The samples were centrifuged at 700 g at 4°C for
10 min and supernatant was kept at -20°C until use.
Thiobarbituric acid (TBA) method
In order to quantify the concentration of oxidized lipids
the amount of thiobarbituric acid-reactive substances
(TBARS) was determined according to the method
described previously with some modifications (Lo
& Cheung, 2005). An aliquot (100 µL) of supernatant
was mixed with 200 µL methanol extract C. niveum
(0.25-2.0 mg/mL) followed by addition of 100 µL 10 mM
FeCl3 and 100 µL 0.1 mM ascorbic acid. The mixture was
incubated at 37°C for 1 h. The reaction was terminated by
adding 500 µL trichloroacetic acid (TCA, 28%) followed
by 380 µL thiobarbituric acid (TBA, 2 %) with heating at
100°C for 20 min. After this, samples were cooled on ice
and then centrifuged 1000 g for 10 min and the absorbance of the supernatant was measured at 532 nm. BHT
was used as a standard and the inhibition percentage
of lipid peroxidation of the sample was calculated by
the following equation: % inhibition = [(Ac-As)/Ac] × 100,
where Ac is the absorbance of the control, and As is the
absorbance in the presence of samples of extracts or
standard.
Assay of protein oxidation
The effect of methanol extract of C. niveum on protein
oxidation were carried out according to the slightly
modified method of Wang and colleagues (2006).
Bovine serum albumin (BSA) was oxidized by a Fentontype reaction. The reaction mixture (1.2 mL), containing
sample extract (10-1000 µg/mL), potassium phosphate
buffer (20 mM, pH 7.4), BSA (4 mg/mL), FeCl3 (50 µM),
H2O2 (1 mM) and ascorbic acid (100 µM) were incubated for 30 min at 37°C. For determination of protein
carbonyl content in the samples, 1 mL of 10 mM 2,4dinitrophenylhydrazine (DNPH) in 2 M HCl was added
to the reaction mixture. Samples were incubated for
30 min at room temperature. Then, 1 mL of cold TCA
(10%, w/v) was added to the mixture and centrifuged at
3000 g for 10 min. The protein pellet was washed three
times with 2 mL of ethanol/ethyl acetate (1:1, v/v) and
dissolved in 1 mL of guanidine hydrocholoride (6 M, pH
2.3). The absorbance of the sample was read at 370 nm.
The data were expressed in terms of percentage inhibition, calculated from a control measurement of the
reaction mixture without the test sample. BHT was used
as a standard and the inhibition percentage of protein

oxidation of the sample was calculated by the following
equation: % inhibition = [(Ac-As)/Ac] × 100, where Ac is
the absorbance of the control, and As is the absorbance
in the presence of samples of extracts or standard.
Statistical analysis
IC50 values, from the in vitro data, were calculated by
regression analysis. Statistical comparisons between
groups were performed with Student’s t-test for independent observations. Differences were considered significant at p < 0.05. Each experiment was repeated three
times.
Results and discussion
Phenolic compounds are known as powerful chain
breaking antioxidants (Shahidi & Wanasundara, 1992).
Phenols are very important plant constituents because
of their scavenging ability due to their hydroxyl groups
(Hatano et al., 1989). The phenolic compounds have
inhibitory effects on mutagenesis and carcinogenesis in
humans, when ingested up to 1 g daily from a diet rich
in fruits and vegetables (Tanaka et al., 1998). The total
amount of phenolic content in 1 mg methanol extract of
C. niveum 200.9 ± 35.0 µg gallic acid equivalent of phenols was detected.
The free-radical scavenging activity of methanol
extract of C. niveum was tested by their ability to bleach
the stable DPPH radical (Bonina et al., 1998). This assay
provided information on the reactivity of crude extract
with stable free radical. The effects of antioxidants on
DPPH radical scavenging was thought to be due to their
hydrogen donating ability. DPPH is a stable free radical
and accepts an electron or hydrogen radical to become
a stable diamagnetic molecule. DPPH gives a strong
absorption band at 517 nm in visible spectroscopy (deep
violet color). The reduction capability of DPPH radicals
was determined by a decrease in absorbance at 517 nm
induced by antioxidants. The extract exhibited DPPH free
radical scavenging activity in a concentration-dependent
manner (Figure 1). The methanol extract of C. niveum
exhibited stronger DPPH scavenging activity. Scavenging
activity of methanol extract of C. niveum and standard
compounds followed order: BHT > methanol extract of
C. niveum > -tocopherol, and were 96.0 ± 3.6, 90.0 ± 1.2,
and 89.0 ± 3.7% at 250 µg/mL concentration, respectively.
No significant difference was found between the methanol extract of C. niveum and standards used.
Ferrozine can quantitatively form complexes with
Fe+2. In the presence of other chelating agents, the complex formation is disrupted with the result that the red
color of the complex is decreased. Measurement of color
reduction therefore allows estimation of the chelating
activity of the coexisting chelator (Yamaguchi et al.,
2000). Standard antioxidant compounds interfered with
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Figure 1. Scavenging effect of methanol extract of C. niveum on 1,1-diphenyl-2-picrylhydrazyl radicals. Each value is expressed as mean ± SD (n = 3).

the formation of ferrous and ferrozine complex, suggesting that they have chelating activity and capture ferrous
ions before ferrozine.
Figure 2 shows the chelating effect of methanol
extract of C. niveum. As shown, the formation of the
Fe+2-ferrozine complex is not distrupted in the presence
of the methanol extract of C. niveum. The metal scavenging effect of extract was not changed with increasing
concentrations of extract. In the present study, the C.
niveum extract exhibited weak metal chelating activity,
approximately 90-fold weaker than EDTA at all tested
concentrations.
Metal chelating capacity was significant since it
reduced the concentration of the catalyzing transition
metal in lipid peroxidation (Duh et al., 1999). It was
reported that chelating agents, which form -bonds with
a metal, are effective as secondary antioxidants because
they reduce the redox potential thereby stabilizing the
oxidized form of the metal ion (Gordon, 1990).
In a Fenton reaction, Fe2+ reacts with H2O2, resulting
in the production of hydroxyl radical, which is considered to be the most harmful radical to biomolecules
(Meneghini, 1997). Fe2+ is oxidized to Fe3+ in the Fenton
reaction. By many reductants, such as ascorbic acid, the
oxidized forms of iron ions can be reduced forms (Fe2+),
which can enhance the generation of hydroxyl radicals.
Figure 3 shows the reductive capabilities of methanol
extract of C. niveum compared to BHT and tocopherol.

The reductive potential of extract and standards
increased with increasing concentration. All the concentrations of C. niveum extract showed higher activities than control and these differences were statistically
significant compared with the control (p < 0.05). BHT
exhibited stronger reductive potential than -tocopherol
and C. niveum. These differences were statistically significant (p < 0.05). No significant differences were found
between -tocopherol and the methanol extract of C.
niveum. Reductive potential of the methanol extract of
C. niveum and standard compounds followed the order:
BHT > -tocopherol > methanol extract of C. niveum.
The deoxyribose method is a simple assay to
determine the rate constants for reactions of hydroxyl
radicals. When the mixture of FeCl3-EDTA, H2O2 and
ascorbate were incubated with deoxyribose in phosphate buffer (pH 7.4), the generated hydroxyl radicals
attack the deoxyribose and result in a series of reactions that cause the formation of MDA. Any hydroxyl
radical scavenger added to reaction would compete
with deoxribose for the availability of hydroxyl radicals,
thus reducing the amount of MDA formation (Wang et
al., 2003). We tested the scavenging activity of methanol extract of C. niveum and positive control, DMSO,
against OH radical generated by the UV photolysis of
H2O2. It has been found that the methanol extract of C.
niveum showed concentration-independent scavenging activity on hydroxyl radicals (Figure 4). C. niveum

224   Sevil Emen et al.
105
100
95
90
85
80

EDTA

75

Cyclotrichium niveum-methanol

70

Chelating ability (%)

65
60
55
50
45
40
35
30
25
20
15
10
5
0

0

50

100

150

200

250

300

350

400

450

500

550

Concentration (µg/mL)

Absorbance (700 nm)

Figure 2. Chelating ability of methanol extract of C. niveum on ferrous ions. Each value is expressed as mean ± SD (n = 3).
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reducing power.

exhibited 74% scavenging capacity at the 60 µg/mL
concentration. DMSO, a well-known hydroxyl radical
scavenger, had 80% scavenging activity at the same
concentration. This result showed that the scavenging

potential on hydroxyl radicals the order of DMSO >
methanol extract of C. niveum. The extract inhibition
was found to be statistically significant compared with
the control (p < 0.05).

Scavenging effect on hydroxly radical (%)
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pattern of modification. It is well known that in various
cancer tissues free radical-mediated DNA damage was
found (Valko et al., 2001). The majority of these changes
can be reproduced by ROS experimentally including
the following: modification of all bases, production of
base-free sites, deletions, frameshifts, strand breaks,
DNA-protein cross-links, and chromosomal rearrangement. An important reaction involved in DNA damage
involves generation of hyrodxyl radical, e.g., through
Fenton chemistry (Brezova et al., 2003). Hydroxyl radical is known to react with all components of the DNA
molecule: the purine and primidine bases as well as the
deoxyribose backbone (Valko et al., 2004). When DNA
was exposed to H2O2 and irradiated with UV light, H2O2
will be generated to hydroxyl radicals, then the supercoiled form of DNA would cleave.
DNA damage protective activity of C. niveum extract
was investigated with pBluescript M13+ vector in E. coli
XL-1 Blue strain. Plasmid DNA was isolated by Qiagene
miniprep kit. Figure 5a shows the quantified band
intensity for the sc-DNA (form I), oc-DNA (form II) and
l-DNA (form III). Figure 5b shows the electrophoretic
pattern of DNA after UV-photolysis of H2O2 (2.5 mM) in
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Figure 4. Scavenger effect of methanol extract from C. niveum at
a different concentration on OH radical generated by the UV photolysis of H2O2. The degree of deoxyribose oxidation was analyzed as
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(n = 3). DMSO was used as positive control.

ROS-induced DNA damage can be described both
chemically and structurally and shows a characteristic
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Figure 5. A) The quantified band intensity for the sc-DNA (form I), oc-DNA (form II) and l-DNA (form III) with Quantity One 4.5.2. version software. B) Electrophoretic pattern of pBluescript M13+ DNA after UV-photolysis of H2O2 in the presence or absence of methanol extract of C. niveum.
Reaction vials contained 200 ng of supercoiled DNA (31.53 nM) in distilled water, pH 7). Electrophoresis was performed using 1% agarose at 40 V
for 3 h in the presence of ethidium bromide (10 mg/mL). Electrophoresis running buffer: TAE (40 mM Tris acetate, 1 mM EDTA, pH 8.2). Lane 1,
control DNA; Lane 2, linearized pBluescript M13(+) DNA ( Pst I digest); Lane 3, DNA + H2O2 (2.5 mM)+UV; Lane 4, DNA + UV; Lane 5, DNA + H2O2
(2.5 mM); Lane 6, DNA + DMSO (50 mM ) + H2O2 + UV; Lane 7, DNA + thiourea (10 mM) + H2O2 (2.5 mM) + UV; Lane 8, DNA + KI (50 mM) + H2O2
(2.5 mM) + UV; Lane 9, DNA + Cm (50 µg/ml) + H2O2 (2.5 mM) + UV; Lane 10, DNA + Cm (100 µg/ml) + H2O2 (2.5 mM) + UV; Lane 11, DNA + Cm
(200 µg/ml) + H2O2 (2.5 mM) + UV; Lane 12, DNA + Cm (300 µg/ml) + H2O2 (2.5 mM)+UV; Lane 13, DNA + Cm (400 µg/ml) + H2O2 (2.5 mM) + UV;
Lane 14, DNA + Cm (500 µg/ml) + H2O2 (2.5 mM) + UV; Lane 15, DNA + methanol + UV; Lane 16, DNA + methanol + H2O2 (2.5 mM) + UV; Lane 17,
control DNA. Reactions were all performed at room temperature in phospahate buffer containing 100 mM sodium chloride. Cm: methanol
extract of C. niveum.

the absence and presence of the methanol extract of C.
niveum (50, 100, 200, 300, 400, 500 µg/mL). DNA derived
from pBluescript M13+ DNA plasmid showed two bands
on agarose gel electrophoresis (lane 1), the faster moving band corresponded to the native form of supercoiled
circular DNA (scDNA) and the slower moving band was
the open circular form (ocDNA). The UV irradiation of
DNA in the presence of H2O2 (lane 3) resulted in the
cleavage of scDNA to linear form (linDNA), indicating
that OH radical generated from UV photolysis of H2O2
produced DNA strand scission. The addition of extract
(lanes 9-14) to the reaction mixture suppressed the
formation of linDNA and induced a partial recovery of
scDNA. In fact, the intensity of scDNA bands scanned
from the agarose gel electrophoretic patterns was 55,
79, 82, 83, 84% for plasmid DNA treated with H2O2 in
the presence of 50, 100, 200, 300, 400, and 500 µg/mL
extract, respectively, as compared with the untreated
plasmid DNA. The action of this natural compound was
comparable to 50 mM DMSO (lane 6), 10 mM thiourea
(lane 7) and 50 mM KI (lane 8). As shown in Figure 6,
the methanol extract from aerial parts of C. niveum
showed a concentration-dependent hydroxyl radical
scavenging effect. In order to characterize the oxygen
radicals leading to DNA cleavage, the effects of three free
radical scavengers and inhibitors of DNA cleavage were
studied. Figure 7 shows that dimethyl sulfoxide, thiourea and potassium iodide, known as hydroxyl radical
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Figure 6. Scavenger effect of dimethyl sulfoxide, thiourea and potassium iodide on OH radical generated by the UV photolysis of H2O2.
Percentage inhibition of the single-strand cleavage of pBluescript
M13 + supercoiled DNA was calculated as follows: Inhibition (%) =
I – [(Sm + a – Sc) / (Sm – Sc)] where Sm + a is the percentage remaining
supercoiled after treatment with mix plus agent, Sc is the percentage
remaining supercoiled in control untreated plasmid and Sm is the
percentage remaining supercoiled with mix without agent.
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Figure 7. Scavenger effect of methanol extract from C. niveum at different concentration on OH radical generated by the UV photolysis of
H2O2. Percent inhibition of the single-strand cleavage of pBluescript
M13 + supercoiled DNA was calculated as follows: Inhibition (%) =
I – [(Sm + a – Sc) / (Sm – Sc)] where Sm + a is the percentage remaining
supercoiled after treatment with mix plus agent, Sc is the percentage
remaining supercoiled in control untreated plasmid and Sm is the
percentage remaining supercoiled with mix without agent.

scavengers, inhibited the DNA cleavage by 48, 78.5, and
77.3%, respectively.
Thus, the identification of natural products able
to provide protection against UV radiation-induced
inflammatory responses and the generation of oxidative
stress may have important human health implications.
The DNA cleavage analysis demonstrated the strong
antioxidant properties of C. niveum. In fact, this extract
suppressed the formation of linDNA, generated by exposure of plasmid DNA to OH radical generated by H2O2
UV-photolysis, and induced a partial recovery of scDNA.
DNA damage protecting activity of C. niveum extract is
corresponding to its antioxidant potential.
It is known that metal-induced generation of oxygen
radicals results in the attack of not only DNA in cell
nucleus, but also other cellular components involving
polyunsaturated fatty acid residues of phospholipids,
which are extremely sensitive to oxidation (Esterbaurer
et al., 1991; Marnett, 1999). The initial products of
unsaturated fatty acid oxidation are short-lived lipid
hydroperoxides. When they react with metals they produce a number of products (e.g., aldehydes and epoxides) which are themselves reactive. Malondialdehyde
(MDA) is one of the major aldehyde products of lipid
peroxidation. It is mutagenic in mammalian cells and
carcinogenic in rats (Valko et al., 2004).
The antioxidant activity of C. niveum extract was also
evaluated by quantifying the ability of different concentrations of plant extracts to supress iron (Fe2+)-induced
lipid peroxidation in rat brain homogenates. The
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methanol extract of C. niveum significantly inhibited
lipid peroxidation in rat brain. The inhibition of lipid
peroxidation by C. niveum was the result of their scavenging effect on Fe+2/ascorbate generated free radicals.
Figure 8 shows that C. niveum extract inhibited
TBARS formation in a concentration-dependent manner. At all tested concentrations, -tocopherol inhibited
TBARS production better than the methanol extract of
C. niveum. The extract also showed inhibition of peroxidation effect in all concentrations. The C. niveum extract
inhibition value was found to be statistically significant
compared with the control (p < 0.05) in the concentration range between 0.25-2 mg/mL.
The results of the inhibitory effect of methanol
extract of C. niveum on Fe2+-induced lipid peroxidation
in rat brain are shown in Figure 8. The results clearly
show that incubation of the rat brain in the presence
of 10 µM Fe2+ caused a significant increase (p < 0.05)
in MDA content when compared with the basal brain
homogenates. The increased lipid peroxidation in the
presence of Fe2+ could be attributed to the fact that Fe2+
can catalyze one-electron transfer reactions that generate reactive oxygen species, such as the reactive OH
radical, which is formed from H2O2 through the Fenton
reaction. Iron also decomposes lipid peroxides, thus
generating peroxyl and alkoxyl radicals, which favor
the propagation of lipid oxidation (Zago et al., 2000).
Iron overload is a less frequent condition, but high
content of tissue iron has been associated with several
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Figure 8. Inhibition of Fe2+-induced lipid peroxidation in rat brain
homogenates by methanol extract of C. niveum. Each value is
expressed as mean ± SD (n = 3).

pathological conditions, including brain and heart
disease (Milman et al., 2001), cancer (Beckman et
al., 1999; Parkkila et al., 2001), neurodegenerative
disorders (Berg et al., 2001; Sayre et al., 2000), diabetes (Perez de Nanclares et al., 2000), hormonal
abnormalities (Wilkinson, 1996), and immune system
abnormalities.
However, the extract from C. niveum caused a significant decrease (p < 0.05) in brain MDA levels, during
Fe2+-induced lipid peroxidation, in a dose-dependent
manner. The decrease in Fe2+-induced lipid peroxidation
in rat brain homogenates in the presence of the extracts
could be as a result of the ability of the antioxidant phytochemicals in extracts to chelate Fe2+ and scavenge free
radicals produced by the Fe2+ catalyzed production of
reactive oxygen species (ROS).
Proteins, important components of cell and tissue,
are susceptible to oxidation by reactive oxygen species
(ROS) and reactive nitrogen species (RNS) (e.g., ·OH,
HOCl and ONOO−). The most common method for determination of protein oxidation is to evaluate the levels of
carbonyl group, a stable product of protein oxidation,
by reacting with 2,4-dinitrophenyl hydrazine to form a
hydrazone chromophore. The oxidative protein damage, provoked by free radicals, have been demonstrated
to play a significant role in aging and several pathological events (Stadtman & Levin, 2000). Radical mediated
damage to protein might be initiated by electron leakage, metal-ion dependent reactions, and autoxidation
of lipids and sugars (Dean et al., 1997). Major molecular
mechanisms, leading to structural changes in proteins,
are free-radical mediated protein oxidation characterized by carbonyl formation (PCO). Indeed, measurement of PCO has been used as a sensitive assay for
oxidative damage of proteins (Reznick & Packer, 1994).
Protein oxidation was used as another method to measure hydroxyl radical scavenging activity of the methanol
extract of C. niveum, besides the non-site-specific deoxyribose assay, by incubating BSA in a H2O2/Fe3+/ascorbic acid system which generates hydroxyl radicals. The
oxidation was determined in terms of PCO formation.
The effect of methanol extract of C. niveum and BHT
on oxidative damage of albumin (BSA) induced by .OH
is shown in Figure 9. BHT, in the range of 10-1000 µg/
mL, showed concentration-dependent reduction of
albumin oxidation, induced by the H2O2/Fe3+/ascorbic
acid system, which results in formation of a carbonyl
groups. However, the methanol extract of C. niveum
concentration dependently exhibited inhibitory effect
on PCO formation by 6.60, 13.00, 21.00, and 38.00% at
the extract concentrations of 25, 50, 100, and 250 µg/mL,
respectively, and then leveled off with a slight decrease.
Both BHT and the methanol extract of C. niveum showed
a significant inhibitory effect compared with the control
(p < 0.05). However, when BHT and the methanol extract
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Figure 9. Inhibitory effect of methanol extract of C. niveum and BHT on protein (BSA) oxidation expressed as protein inhibition induced by H2O2/
Fe3+/ascorbic acid system. Each value is expressed as mean ± SD (n = 3). All values statistically significant than control (p < 0.05). *BHT statistically
significant than methanol extract of C. niveum.

of C. niveum were compared with each other, the former
had a significantly greater inhibitory effect than methanol extract of C. niveum at all tested concentrations.
Furthermore, at 250 µg/mL, no significant difference was
found between the inhibitory effect of methanol extract
of C. niveum and BHT. The inhibition of protein oxidation by C. niveum was the result of its scavenging effect
on Fe+2/ascorbate generated free radicals.

lipid peroxidation and protein oxidation may explain its
extensive use in daily life and possible health benefits.
Thus, C. niveum may serve as an ideal candidate for
a cost-effective, readily exploitable natural polyphenolic
phytochemical. However, further research is needed to
identify individual components forming the antioxidative system and develop their application for food and
pharmaceutical industries.
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