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ABSTRACT

KEYWORDS

Here we showed the protective effects of extracts of Pieris rapae on both
cell and DNA damages caused by oxidative stress. Antioxidant properties
of P. rapae extracts against DPPH and hydroxyl radical using radical
scavenging assay determined at 78.8% and 70.8%, respectively, of those
with ascorbic acid as a positive control. And the ferrous iron chelating
activity was shown 78.3% compared to the level of activity when EDTA as
a control was treated. In order to verify the inhibitory effects on oxidative
cell damages induced by reactive oxygen species, lipid peroxidation assay
was also performed and it showed that peroxidation was completely
inhibited in extracts-treated group compared to the only radical treated
group. And the level of p21 protein expression was restored to 50.6% of
p21 protein expression in the control sample. Also, the DNA cleavageinhibiting property in P. rapae extracts was calculated to the level of 74.8%
compared to that of the control group. Moreover, the phosphorylation in
H2AX protein was reduced to 20.5% of that treated with radical agents,
indicates that the extracts might have an inhibitory activity on DNA
damages caused radical oxidation. Taken together, our findings suggest
that the extracts from P. rapae have effective agents in not only repressing
the oxidation by free oxygen radicals and hydroxyl radicals, but also
decreasing cell and DNA damages caused by oxidative stress.
! 2013 Trade Science Inc. - INDIA

INTRODUCTION
Every cell in prokaryote or eukaryote is continuously exposed to exogenous and endogenous agents
that make its DNAdamages[1].Among DNAdamages
causing cancer development, approximately80% of the
damages are caused by the reactive oxygen species
(ROS) such as hydrogen peroxide, singlet oxygen, and
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hydroxyl radical[3]. These compounds, when present in
a high enough concentration, can damage cellular proteins and lipid or form DNA adducts that may promote
carcinogenic activities[21]. Dietary factor that reduces
the impact of ROS can protect DNA damages and thus
reduce cancer risks[15]. Catalase, superoxide dismutase
and glutathione are examples of antioxidants produced
by organisms under normal conditions as part of a de-
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fense system against ROS-mediated cellular injury.
However, if this defense system is challenged or overwhelmed by excessive generation of ROS, redox imbalance or oxidative stress may occur. This can result
in DNA and cellular damages to the organism[2,14] , and
disease initiation[4]. Aerobic organisms generally maintain the balance between prooxidants and antioxidants.
However, people are recently suffering from oxidative
stress due to excessive free radicals produced by physical and chemical factors[25]. Several preventive antioxidants are widely used to resolve health-related problems induced by oxidative stress. Although the synthetic
antioxidants such as BHA and BHT have remarkable
antioxidant effects, they are also known to induce serious illnesses in case of overdose[22]. Hence, many studies
on natural antioxidative substances are crucial since the
development of harmless, effective antioxidants are
demanded.
Recently, as a view of bioactive substances, insects
have been studied significantly and utilized in the related field, such as alternative medicine. Also
haemolymph protein from wax moth, Galleria
mellonella, showed antimicrobial activity against listeria bacterium[17]. The haemolymph of Pieris rapae larvae is known to destroy tumor cells by inducing
apoptosis in gastric cancer cells. Since the haemolymph
promotes pierisin-1 protein to combine ADP ribose and
RNA, it is reported to be very effective in inducing
apoptosis[11]. However, any studies have not been performed for its physiological activities. Therefore, as a
preliminary step of the new bioactive substances development from insects, this study aimed to examine
the protective effects of bioactive substances derived
from P.rapae against oxidative stress and provide physiological roles on oxidative cell and DNA damages.
MATERIALS AND METHODS
Sample preparation
Pieris rapae were collected around the Andong
reservoir in Andong city. The larvae were reared at kale
field inside vinyl house. At the last instar larval stage,
the insects were harvested and used in the study. The
whole body of the larvae was pulverized after freezedried and then extracted with distilled water at 25°C
for 24 h and centrifuged at 15,000g three times. The
supernatant was freeze-dried and used for further study.

Antioxidant activity
DPPH (1,1-diphenyl-2-picrylhydrazyl, SigmaAldrich, St. Louis, MO, USA) radical scavenging activity was measured by Hsu et al.[6]. Reaction mixture
containing various concentrations of test samples (4 mg/
ml dissolved in DMSO) and 300 mM DPPH ethanol
solution in micro tube was incubated at 37°C and absorbance was measured at 515 nm. Hydroxyl radical
scavenging activity was measured according to the
method of Smirnoff and Cumbes[23]. Briefly hydroxyl
radicals were reaction mixture contained 1.5 mM FeSO4
(Sigma-Aldrich, USA), 6 mM H2O2 (Sigma-Aldrich,
USA), 20 mM sodium salicylate (Sigma-Aldrich, USA)
and varying concentrations of extracts. After a reaction
for 30 min the absorbance of the hydroxylated salicylate complex was measured at 562 nm. Fe2+-chelating
assay was measured according to a procedure of Hus
et al.[6]. The reaction mixture contained 2 mM FeCl2
(Sigma-Aldrich, USA), varying concentrations of extracts and distilled water. After 30 min incubation, 5 mM
in methanol ferrozine (Sigma-Aldrich, USA) was added
and the absorbance of the Fe2+–ferrozine complex was
measured at 562 nm. All determination was carried out
in triplicate. The scavenging activities were determined
based on the percentage of each radical scavenged comparing to the reference control.
Cell culture
Mouse cell line (NIH 3T3) was purchased from
Korean Cell Line Bank (KCLB), maintained at 37°C
in an incubator with humidified atmosphere of 5% CO2.
Cells were cultured at a concentration of 1 × 105 cells
mL-1 in Dulbecco’s modified Eagle’s medium (DMEM,
Gibco Inc., USA) containing 10% heat-inactivated fetal bovine serum (FBS, Gibco Inc., USA), 100 ìg mL-1
penicillin-streptomycin (Gibco Inc., USA) for further
experiments.
In order to define the cell viability, NIH 3T3 cells
(5×103 cells/well) were cultured in a 96-well plate at
37°C for 24 hours. After 24 hours, the varying concentrations of the extracts from extracts were treated to
each, and then incubated at 37°C for 30 min. After 30
min, 10 mM H2O2 was applied to each well and then
incubated at 37°C for 24 hours. After 24 hours, 1 mg/
ml MTT (3-(4,5-dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium bromide) solution (Sigma-Aldrich, St. Louis,
MO, USA) was treated to each well for 4 hours, the
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supernatant was removed, and then DMSO was added
to each well. The absorbances were measured with a
microplate reader (Infinite® 200, Tecan Trading AG,
Switzerland) at 540 nm.
Lipid peroxidation assay
The NIH 3T3 cells were cultured in a 6-well plate
at 2×106 cells/well for 16 hours. Sixteen hours after
plating, the cells were treated with the varying concentrations of the extracts, H2O2, FeSO4 for 30 min. The
cells were then washed with cold phosphate-buffered
saline (PBS), harvested, and homogenized in an icecold 1.15% KCl. One hundred micro liter of the cell
lysate was mixed with 8.1% sodium dodecylsulfate, 20%
acetic acid (adjusted to pH 3.5), and 0.8%
thiobarbituric acid (TBA). The mixtures were made up
to a final volume of 4 ml with distilled water and heated
to 95°C for 2 hours. After cooling to room temperature, an n-butanol/pyridine mixture (15:1, v/v) was
added and then, after centrifugation at 1,000 g for 10
min, the supernatant fractions were isolated and the absorbance was measured at 532 nm[12].
Phi X-174 RF I plasmid DNA cleavage assay
Conversion of the supercoiled form of plasmid DNA
to the open-circular and further linear forms has been
used as an index of DNA damage (Jung and Surh,
2001). For DNA cleavage assay by hydroxyl radical
and ferrous iron, reaction mixtures contained phi X174 RF I plasmid DNA (New England BioLabs, County
Road Ipswich, MA), various concentrations of the extracts, 76 ìl of hydroxyl radical generated from Fenton
reaction between 1.5 mM FeSO4 and 6 mM H2O2.
The mixtures were incubated at 37°C for 30 min. After
30 min, a DNA sample buffer solution (50% glycerol
(v/v), 40 mM EDTA and 0.05% bromophenol blue)
was added to stop the reaction and the reaction mixtures was electrophoresed on 1% agarose gel. The DNA
in the gel was visualized under ultraviolet light after
ethidium bromide staining.
Western blot analysis
The NIH 3T3 cells (1×106cells/well) were cultured
in 6-well plate for 24 h at 37°C with a humidified atmosphere of 5% CO2. The NIH 3T3 cells were treated
with extracts per well and then incubated for 30 min at
37°C in an incubator. After 30 min, 10mM H2O2 was
treated and then incubated for 24 h at 37°C in an incu-

bator. After 24 h, the treated and control cells were
harvested for the analysis. The cells were lysed with
lysis buffer (50 mM Tris–HCl, pH 7.4, 150 mM NaCl,
1 mM EDTA, 1 mM EGTA, 10 mg/ml aprotinin, 10
mg/ml leupeptin, 5 mM phenylmethylsulfonyl fluoride
[PMSF] and 1mM DTT) containing 1% Triton X-100.
A total of 12.5 mg protein extracted from the cells was
separated on 15% Tris–HCl ready gel (Bio-rad, Hercules, CA). Transblotted PVDF membranes were incubated with p21 rabbit polyclonal IgG (Cell Signaling
Technology, Beverly, MA) and P-histone H2AX rabbit antibody (Cell Signaling Technology, Beverly, MA)
at 1:1000 dilutions in antibody dilution buffer (5% BSA,
1×TBS, 0.1% Tween 20). After washing, the membranes were incubated with HRP-linked anti-rabbit
antibody (Cell Signaling Technology, Beverly, MA) as
the secondary antibody at 1:1000 dilutions and visualized with Western Blot Detection Kit (Amersham Biosciences, USA).
Statistical analysis
The series of experiments were performed as more
than three times independently with at least three replicates for each sample. Statistical analyses were followed
by one-way ANOVA with post hoc Duncan’s tests. A
probability of *p<0.05 indicate significant difference between the untreated group and the treated group.
RESULTS
Antioxidative activity of Pieris rapae extracts
In order to verify the antioxidative effects of P.
rapae extracts, DPPH and hydroxyl radical scavenging activity and Fe2+-chelating activity were determined
with various concentrations of extracts. The DPPH free
radical scavenging activity was 38.8% at 4 ìg/ml,
45.9% at 20 ìg/ml, 58.1% at 100 ìg/ml and 78.2% at
500 ìg/ml compared to those with an ascorbic acid as
a reference chemical (Figure 1A). Likewise, hydroxylradical scavenging activity of extracts showed 70.8%
at 500 ìg/ml comparing to that of the positive control
and found to be enhanced with concentration-dependent manner (Figure 1B). Moreover, the Fe2+-chelating activity was revealed to 63.1% at 100 ìg/ml and
77.4% at 500 ìg/ml comparing to the chelating value
of EDTA as a positive control at the same concentration (Figure 1C).
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Figure 1 : (A) DPPH radical and (B) hydroxyl radical scavenging activities and (C) Fe2+-chelating activity of extracts from P.
rapae. (A) DPPH radical reaction mixture containing 40 ìl of P. rapae extracts and 760 ìl of 300 mM DPPH ethanol solution
were incubated and absorbance was measured at 515 nm. Ascorbic acid was used for the positive control. The DPPH free
radical scavenging activity was 78.2% at 500 ìg/ml. (B) Hydroxyl radical reaction mixture contained 250 ìl of 1.5 mM
FeSO4, 175 ìl of 6 mM H2O2, 300 ìl of 20 mM sodium salicylate and varying concentrations of the extracts. The absorbance
was measured at 562 nm. Ascorbic acid was used for the positive control. Hydroxyl-radical scavenging activity was found to
be enhanced with concentration-dependent manner, exhibiting 70.8% at 500 ìg/ml. (C) Fe2+-chelated reaction mixture
contained 15 ìl of 2 mM FeCl2, 30 ìl of 5 mM ferrozine, 150 ìl of four different concentrations of the extracts and 605 ìl of
distilled water. The absorbance of the Fe2+-ferrozine complex was measured at 562 nm. EDTA was used for the positive
control. The Fe2+-chelating activity was revealed 77.4% at 500 ìg/ml. In all experiments, the absorbance values were
converted to scavenging and chelating effects (%) and data plotted as the means of replicate scavenging and chelating
activity (%) values ± S.D.

Effects of P.rapae extracts on oxidative cell damage
Inhibitory effects of the extracts from P.rapae on
oxidative cell damage induced by ROS were examined
using MTT assay, lipid peroxidation assay and p21 protein expression level. In MTT assay, the cell viabilities
of radical treated group with Fe2+ and H2O2 only were
determined at around 80 % comparing to that of the
radical untreated control group. However, the cell viability of P.rapae extracts treated group was restored
to 98.1% at the concentration of 500 ìg/ml treatment
(Figure 2A). Wh. P. rapae extracts were treated under
same method, the inhibition level of lipid peroxidation
was shown to be 65.3% at 4 ìg/ml, 77.2% at 20 ìg/
ml, 83.8% at 100 ìg/ml, and 98.7% at 500 ìg/ml. Pro-

tective activity against lipid peroxidation exhibited an
increasing tendency as the concentration rose (Figure
2B). To determine repressive role of extracts from P.
rapae against oxidative cell damage, the level of p21
expression was also measured by western blot analysis. The level of p21 expression showed 12.5% in radical treated group with Fe2+ and H2O2 only. On the other
hand, the amounts of expression of p21 were increased
from 15.1% to 50.6% at 500 ìg/ml in P.rapae extracts treated group, showing that p21 expression is
recovered to that of the control level with concentration dependent manner (Figure 2C).
Inhibitory effects of P.rapae extracts on oxidative
DNA damage
The effecst of P.rapae extracts on the oxidative
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DNA damage caused by oxidative stress was evaluated by in vitro DNA cleavage assay using øX-174
RF I plasmid DNA. The øX-174 RF I plasmid DNA
was identified as the supercoiled (SC) DNA in the control group. In contrast, the SC plasmid DNA had transformed to the open circular (OC) form due to DNA
segmentation in radical treated group with Fe2+ and
H2O2. When the extracts were treated under such con-

ditions, the level of SC plasmid DNA was changed to
10.2% at 4 ìg/ml, 20.0% at 20 ìg/ml, 22.4% at 100
ìg/ml, and 74.8% at 500 ìg/ml. These results indicate
that the DNA transformation rate to the OC form was
decreased as the treated sample concentration rose
(Figure 3A). To determine the anti-oxidative effects of
P.rapae extracts on DNA damage indirectly, phosphorylation levels of histone H2AX in NIH 3T3 cells were

Figure 2 : (A) The viability of NIH 3T3 cells by MTT assay. The NIH 3T3 cells (5×103 cells/well) were cultured in 96-well
plate at 37°C for 24 h. The extracts from P. rapae were treated by concentration dependent manner to each well with FeSO4
and H2O2.. After then 50 ìl of MTT solution (1 mg/ml) was treated to each well for 4 h, and then 100 ìl of DMSO was treated
to each well. The observance was measured with a microplate reader at 540 nm. The cell viability of radical treated group
with Fe2+ and H2O2 only was 80.8% compare to that of the radical untreated control group. However, the cell viability treated
with P. rapae extracts was restored to 98.1% at the concentration of 500 ìg/ml treatment. (B) The inhibition level of lipid
peroxidation of the extracts from P. rapae on oxidative cell damages induced by hydroxyl radical. The NIH 3T3 cells were
cultured in a 6-well plate at 2×106 cells/well for 16 hours. After plating, the cells were treated with the varying concentration
of P. rapae extracts, FeSO4 and H2O2 were added to the plate. The cell lysate was mixed with 0.1 ml of 8.1% sodium
dodecylsulfate, 0.75 ml of 20% acetic acid, and 0.75 ml of 0.8% thiobarbituric acid. The supernatant fractions were isolated
and the absorbance was measured at 532 nm. The inhibition level of lipid peroxidation was shown to 98.7% at 500 ìg/ml,
exhibiting an increasing tendency as the concentration rose. *p<0.05, **p<0.01 indicate a significant difference between the
only radical treated group (treated with FeSO4, H2O2 without extracts) and extracts-treated group (treated with FeSO4, H2O2
and varying concentration of extracts). (C) The expression level of P. rapae extracts on p21 protein. Lane 1 is control and
lane 2 is treated with only radical treated group. Lanes 3-6 were treated with varying concentration of extracts (4, 20, 100
and 500 ìg/ml). The level of p21 expression was measured by western blot analysis. The level of p21 expression showed
12.5% in radical treated group with Fe2+ and H2O2 only. On the other hand, the amounts of expression of p21 were increased
from 15.1% to 50.6% at 500 ìg/ml in P. rapae extracts treated group *p<0.05 indicate significant difference between the
only radical treated group and extracts-treated group.
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evaluated by immunoanalysis with phospho-H2AX specific antibody. The phosphorylation ratio of H2AX over
different samples were 95.2% at 4 ìg/ml, 80.0% at 20
ìg/ml, 65.3% at100 ìg/ml, and 20.5% at 500 ìg/ml
compared to those ratio in negative control. These re-

sults suggested that the occurrence of DNA damages
in NIH 3T3 chromosome was reduced approximately
one fifth level comparing to those at radical treated group
(Figure 3B)
DISCUSSION

Figure 3 : (A)The effects of P. rapae extracts on supercolied
(SC) form and open circular (OC) form of the øX-174 RF I
plasmid DNA by hydroxyl radical. Lane 1 is control group
and lane 2 is only radical treated group. Lanes 3-6 were
treated with varying concentration of the extract (4, 20, 100
and 500 ìg/ml). The øX-174 RF I plasmid DNA was identified
as SC form DNA in the control group. In contrast, the SC
plasmid DNA had transformed to OC form due to DNA
segmentation in radical treated group with Fe2+ and H2O2.
*p<0.05 indicate significant difference between the radical
treated group and extracts-treated group. (B) Expression level
of P. rapae extracts on H2AX induced by hydroxyl radical.
Lane 1 is control group and lane 2 is only radical treated
group. Lanes 3-6 were treated with varying concentration of
the extracts. The phosphorylation ratio of H2AX over different
concentration of extracts were 95.2% at 4 ìg/ml, 80.0% at
20 ìg/ml, 65.3% at100 ìg/ml, and 20.5% at 500 ìg/ml
compared to those ratio in negative control treated with Fe2+
and H2O2. The occurrence of DNA damage was inhibited in
NIH 3T3 chromosome when extracts treated, with
approximately 79.5% comparing to radical treated group.
*
p<0.05, **p<0.01 indicate a significant difference between
only radical treated group and extracts-treated group

The reactive oxygen species (ROS) are by-products of oxidative metabolism produced by aerobic organisms and are known to induce the aging by oxidizing various components within the cell and generate
diseases such as malignance tumors[26]. Therefore,
antioxidative ability protects the body from ROS and
plays a very crucial role in regard to biological function
and diseases. In this study, prevention of cell and DNA
damages due to oxidative stress analyzed using various concentrations of the extracts from Pieris rapae.
According to recent studies, DPPH radical scavenging activity of ethanol extracts from Anomala
alopilosa had remarkable oxidative effects by exhibiting about 90% activation at the concentration
of 3 ìg/ml[27]. Gametis jucunda and Coccinella
septempunctata are reported to be effective in reducing levels of lipid peroxides in blood by showing
high hydroxyl radical scavenging activity regardless of
extracting solvents[19]. Moreover, methanol extracts
showed the highest Fe2+-chelating effect among extracts from Anax parthenope julius and Pyrocoela
rupa[19]. And Park et al.[19], also reported that the most
remarkable chelating effects weres observed in the
water extracts from Acrida cinerea cinerea and
Papilio xuthus. This study also identified that DPPH
radical scavenging effects of extracts from P.rapae
had been activated more than 70% comparing to that
of ascorbic acid and Fe2+-chelating effects had been
increased as the concentration rose (Figure 1). Therefore, the extract of P.rapae is considered to be effective in eliminating free radicals formed during metabolic process and reducing the formation of ROS by
inhibiting Fenton reaction of Fe2+and peroxides.
Oxidative stress accumulation caused by ROS is
known to generate various degenerative diseases by
resulting damages in biological membranes, the transformation of macro-proteins and loss of function. From
the aspect of oxidative stress in this study, the cells treated
extracts from P. rapae exhibited the survival rate of
80.8% compared to negative control cells, which is the
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radical treated group. However, the cells of the hydroxyl
radical untreated experimental group showed the survival rate of 98.1% and also no toxicity was detected in
P.rapae extract-treated group (Figure 2A). Hydroxyl
radicals formed during Fenton reaction create MDA,
hydroxides, by oxidizing 2-deoxyribose and these products work as factors inducing transformation of membrane components. According to a study of Heo et al.[5],
the extracts from Coccinella septempunctata and
Harmonia axyridis were found to be effective in inhibiting lipid peroxides by exhibiting the highest activation among methanol extracts although oxidation speeds
varied over time. The present study showed that the
P.rapae extracts were very effective in reducing peroxides produced due to ROS by preventing lipid
peroxidation by 98.7% (Figure 2B). P21 protein is the
one of critical mediator in cell growth regulation process by p23 and functions as a regulator of cell cycle
progression in prohibiting proliferation of abnormal cancer cells at G1 phase[16]. To examine the effects of
P.rapae extracts on the expression of p21 protein by
oxidative stress, present study analyzed the occurrence
rate of p21 protein along with the relative expression of
specimen treated experimental group over control group.
This study has identified that the expression of p21 protein increased as sample concentration increased. Kim
et al.[12] recently have investigated on the effects on
HepG2 growth and reported that the hot water extracts
from Cordyceps militaris could be associated with inhibiting proliferation of the liver carcinoma cells with
the increased expression of p21 as treatment concentration rose (Figure 2C). Hence, the extracts from
P.rapae might be effective in inhibiting proliferation of
abnormal cancer cells inducing the apoptosis of damaged cells.
Oxidative stress generated by ROS induces the segmentation of DNA and causes genetic toxicity inhibiting
biological functions as genetic information is damaged[24].
The accumulated oxidative DNA damages, in particular, might be the start point of carcinogenicity transforming normal cells into transformants. Hence, the oxidative DNA damages are very crucial in assessing inhibiting ability in the analysis of oxidative effects. Hong
et al.[6] showed that the extracts from Buddleja
officinalis inhibited approximately 80% of DNA segmentation at the level of 200 ìg/ml and reduced the
damages of DNA. Jeong et al.[9] reported that the inhi-

bition of DNA damages was shown when ethanol extracts from Schizandra chinensis treated with dosedependent manner. The extracts from P.rapae inhibited about 75% of transformation of øX-174 RF I plasmid DNA into OC forms, suggest being effective in reducing DNA segmentation caused by oxidative stress
(Figure 3A). The segmentation of DNA double helix
induced by oxidative stress generates the phosphorylation of H2AX. The investigation of this modification is
known to be one of the critical indicators in examining
DNA damages[1,20]. According to a study of Jeong et
al.[8], 3,4-dihydroxybenzaldehyde purified from Hordeum vulgare seeds is reported to be very effective in
reducing DNA damages as the preventive ratio of
H2AX phosphorylation over DNA was 80% at 200
ìg/ml. The extracts from P.rapae in this study are
thought to be also effective in inhibiting DNA damage
induced by oxidative stress through reducing about 80%
of phosphorylation of H2AX compared to that in radical treated cells (Figure 3B).
Taken together, P. rapae extracts are very effective
in eliminating free radicals inducing oxidative stress and
hydroxyl radicals exhibiting strong toxicity. Moreover, the
extracts are verified to inhibit the production of secondary oxides, increase the expression of p21 protein controlling the abnormal proliferation of cells, and decrease
the cleavage of DNA and phosphorylation of H2AX by
ROS. Therefore, the extracts from P.rapae are suggested
to have a role in protecting cell and DNA from biological
toxins produced by oxidative stress. Even though P.rapae
extract has not been used for edible food, this source
could be used as a functional substance for nutritional
and pharmaceutical product.
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