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SHORT COMMUNICATION

Protective effects of raw and cooked blackcurrant extract on DNA
damage induced by hydrogen peroxide in human lymphoblastoid cells

Ayumi Yamamoto', Kana Nakashima', Saori Kawamorita', Atena Sugiyama', Masanori Miura', Yoshihiro Kamitai?,

and Yoji Kato®

"Faculty of Chemical and Biological Engineering, Hachinohe National College of Technology, Aomori, Japan, “Center for Joint Research,
Hirosaki University, Aomori, Japan, and 3Laboratory of Food Science, Faculty of Education, Hirosaki University, Aomori, Japan

Abstract

Context: Blackcurrant (Ribes nigrum L.) is a classical fruit that has long been used to make juice,
liqueur and sometimes medicines in Europe. The beneficial effects of blackcurrant, which are
inhibition of lipopolysaccharide-stimulated inflammatory, anticarcinogenesis and other health
effects, have been reported.

Objective: Previously, we reported the antimutagenic activities of blackcurrant using a yeast
gene mutation assay. In this study, we investigated whether this antimutagenicity of
blackcurrant was confirmed in human cells.

Materials and methods: We prepared four types of aqueous blackcurrant extracts (BCE) from
mature and premature with or without heat treatment by microwave. Antioxidant activities of
BCE were measured by the DPPH radical scavenger assay. In the DPPH radical scavenger assay,
the maximum concentration of BCE was 1.6 mg/reaction. We investigated the antigenotoxic
activities of BCE by the comet assay and micronucleus test using the human lymphoblastoid
cell line TK6. In the comet assay, TK6 was treated with 300 uM H,0, without or with BCE at
concentrations of 0.5,1.0,2.0 and 3.0mg/mL. In the micronucleus test, TK6 was treated with
1 mg/mL BCE without or with H,0,.

Results: All BCEs exhibited more than 90% of inhibition rates of DPPH radicals at the maximum
concentration of BCE. DNA damage and micronuclei induced by H,0, significantly decreased in
the each BCE-treated condition.

Conclusion: The results suggest that BCE treatment can reduce the genomic instability induced
by H,O, in human cells. We consider that these antigenotoxic effects are related to
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polyphenols, L-ascorbic acid and other antioxidant compounds.

Introduction

In recent years, cancer and lifestyle-related diseases have
received a lot of global attention. This is particularly true in
Japan, where cancer is the leading cause of death and about
30% of Japanese people are suffering from some kind of
lifestyle-related disease. Against this background, we have
focused on the relationships between DNA damage, chromo-
somal aberration, gene mutation and these diseases. It is
considered that the starting point of these diseases is gene
mutation, following DNA damage induced by endogenous
and exogenous stresses, such as cigarette smoke, ultraviolet
radiation, ionizing radiation and reactive oxygen species
(ROS) generated in energy metabolism (Alexandrov et al.,
2010; Ikehata & Ono, 2011; Lagerwerf et al., 2011; Mladenov
& Iliakis, 2011; Murata et al., 2012). These stresses induce
DNA damage and genomic dysfunction. Studies on natural
foods and other products have attracted attention for the
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prevention of carcinogenesis and lifestyle-related diseases
(Furtado et al., 2010; Sardas et al., 2001; Sato et al., 2005;
Scolastici et al., 2008). Numerous plants have been widely
used as food and for medical ingredients in different cultures
from time immemorial. It has been reported that a range of
natural foods and other products can prevent carcinogenesis
and lifestyle-related diseases in association with their anti-
oxidant and antimutagenic activities (Jain et al., 2009; Nakata
et al, 2012; Weisburger, 2001). Thus, we consider the
daily reduction of DNA damage by natural food intake to be
an important approach to prevent these diseases.

Recently, we reported that the extract of mature and
premature blackcurrant (Ribes nigrum L.) fruit had high
antioxidant and antimutagenic activities, as evaluated using a
yeast loss of heterozygosity (LOH) system (Yamamoto et al.,
2012). Blackcurrant is a classical fruit that has long been
used to make juice, jam, liqueur and sometimes medicines in
Europe. Currently, Aomori prefecture, located in the northeast
of Japan, accounts for approximately 90% of the blackcurrant
production in Japan. In our recent study, the induction of
mutations by several mutagens, namely, hydrogen peroxide
(H,0,), methylmethanesulfonate (MMS) and ultraviolet
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radiation (UV), was significantly suppressed by the combined
treatment of different types of blackcurrant extract (BCE).
It is not clear, however, whether this antimutagenic activity is
functional in human cells.

Oxidative stress associated with various factors including
energy metabolism, exogenous chemicals, and ultraviolet
and ionizing radiation is related to a range of diseases, such
as carcinogenesis, arteriosclerosis, metabolic syndrome
and other lifestyle-related diseases (Gray & Bennett, 2011;
Hutcheson & Rocic, 2012; Pan et al., 2012; Tudek & Speina,
2012). In the present study, the antioxidant activity of several
types of BCE against DPPH free radicals was evaluated.
In addition, we report the antigenotoxic effects of BCEs
extracted from mature and premature fruit, with or without
heat treatment, against H,O,-induced oxidative stress in
human lymphoblastoid cells using the comet and micro-
nucleus (MN) assays. Since one of the major food preparation
methods of blackcurrants is microwave cooking to make jam,
the evaluation of heat-treated fruit is important.

Materials and methods
Cell culture

The human lymphoblastoid cell line TK6 was grown on
RPMI 1640 medium (Nakalai Tesque, Kyoto, Japan) supple-
mented with 100U/ml penicillin, 100 pg/ml streptomycin,
0.25 pg/m amphotericin B, 10% heat-inactivated fetal bovine
serum and 200 pg/ml sodium pyruvate (Yamamoto et al.,
2011). TK6 was incubated at 37°C in a 5% CO, atmosphere
with 100% humidity.

Chemicals

Hydrogen peroxide (CAS No.7722-84-1) was purchased from
Wako Pure Chemical Industries, Ltd., Osaka, Japan.

Preparation of BCE

Mature and premature blackcurrant fruits were provided
by Aomori Blackcurrant Association. The preparation of BCE
was conducted as follows. To prepare heat-treated blackcur-
rant extract, 300 g of blackcurrant fruit was heated in a
microwave at 500 W for 3 min. The types of BCE made from
mature fruit and heated-mature fruit are abbreviated as
M-BCE and MH-BCE, and those from premature fruit
and heated-premature fruit are abbreviated as P-BCE and
PH-BCE, respectively.

Antioxidant activity assay (DPPH radical
scavenger assay)

DPPH radical scavenger assay was performed as follows.
First, 0.1 mL samples were mixed with 8.9 mL of DPPH
reaction solution (0.1 M acetate buffer, 0.016% 1,1-diphenyl-
2-picrylhydrazyl in ethanol, 84% xylene) and absorbance
at 510nm was measured. The inhibition ratio was
calculated using the below formula (Yamamoto et al.,
2012). A.S. is the absorbance of the sample and A.C. is the
absorbance of the control, in which there are no antioxidant
reagents.

Inhibition (%) = 100 x (1 — A.S./A.C.)
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Comet assay

The alkaline comet assay (single-cell gel electrophoresis,
SCGE) was conducted as described previously (Kawaguchi
et al., 2010). TK6 was treated with H,O, for 4h at a
concentration of 300 uM without or with BCE at concentra-
tions of 0.5, 1.0, 2.0 and 3.0 mg/mL. Briefly, 1.0 mL of treated
cell suspension was centrifuged, washed and suspended
with 1.0mL of PBS. Then, 10 ul of the cell solution was
mixed with 0.5% low-melting agarose gel. The mixture
including cells was spread on an MAS-coated microscope
slide (Matsunami Glass Ind., Ltd., Osaka, Japan). The agarose
gel was then allowed to solidify for 10min at room
temperature. The cells packaged in the agarose gel were
lysed at 4°C overnight in 2.5M NaCl, 100mM Na,EDTA,
10mM Tris, 10% DMSO and 1% TritonX-100, pH 10.
After the cell lysis, slides were transferred to an electrophor-
esis chamber filled with an ice-cold solution of 300 mM
NaOH and 1 mM EDTA at pH> 13 for 20 min to allow the
DNA to unwind. Then, electrophoresis was carried out for
15min at 300 mA. Finally, the slides were neutralized for
S5min in 0.4 M Tris buffer (pH 7.5), rinsed with 99% EtOH
for S5min and then air-dried. The cells were subsequently
stained with ethidium bromide (Wako Pure Chemical
Industries, Ltd., Osaka, Japan), and 100 cells were analyzed
per concentration with a fluorescence microscope (Olympus,
Tokyo, Japan). The entire length of the comet (‘‘migration’”)
was measured.

MN assay

MN assay was conducted as described previously
(Yamamoto et al.,, 2011). TK6 was treated with H,O,
for 4h at the concentrations of 20, 30 and 40 uM without or
with BCE at a concentration of 1.0mg/mL. In MN assay,
H,0O, concentration was lower than that used in the comet
assay, because the detection sensitivity of MN assay was
higher than the comet assay (Kawaguchi et al., 2010).
Briefly, after 48h of treatment, approximately 10° cells
were suspended in 0.07SMKCI and then incubated for
10min at room temperature. The suspended cells were
fixed with ice-cold methanol containing 25% acetic acid.
Then, the fixed cells were centrifuged and re-suspended
with ice-cold methanol containing 25% acetic acid. In the
final fixation, the fixed cells were suspended in ice-cold
methanol containing 1.0% acetic acid. A drop of fixing
cell solution was spotted on slide glasses, and then the glasses
were air-dried. The fixed cells were stained with acridine
orange (Wako Pure Chemical Industries, Ltd., Osaka, Japan)
and analyzed with a fluorescence microscope (Olympus,
Tokyo, Japan).

Measurements of intracellular ROS

Intracellular ROS was measured using 50 uM BES-H,O,-Ac
purchased from Wako Pure Chemical Industries (Osaka,
Japan). TK6 cells (5 x 10°/mL) were incubated with BES-
H,0,-Ac for 1h. After washing with PBS, TK6 cells were
treated with 300 uM H,O, with or without BCEs for 1h at
37°C. And then, cells more than 100 were counted to
estimate the percentage or ROS positive cells.
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Total polyphenols, anthocyanins and L-ascorbic acids

Quantification of total polyphenolic content using the Folin—
Ciocalteu assay was conducted as described previously
(Takahashi et al., 2011). First, 500pul. of 1N Folin—
Ciocalteu’s phenol reagent (Kanto Chemial Co., Inc,
Tokyo, Japan) and 500 pL of diluted sample, standard or
blank were added. This mixture was left to stand for 3 min
before the addition of 2.5 mL of 0.4 M Na,COs5. The solution
was again left to stand for Smin at 50°C. After this
incubation, the absorbance at 765nm was recorded with a
U-1500 spectrophotometer (Hitachi High-Technologies
Corporation, Tokyo, Japan). (+4)-Catechin (Sigma-Aldrich,
Co., LLC, St. Louis, MO) was used to create a standard curve,
and the results were expressed as milligrams of (4)-catechin
equivalents per milliliter of BCE. To analyze the concentra-
tion of BCE anthocyanin compounds, the absorbance of BCE
was recorded with a U-1500 spectrophotometer. The antho-
cyanin concentration was calculated from the absorbance at
520nm using a molar extinction coefficient of
29600M 'em™! (Yamamoto et al., 2012). L-Ascorbic acid
concentration was measured using the F-kit purchased from
Roche Diagnostics (Basel, Switzerland).

Statistical analysis

For all the assays, statistical analyses were performed using
Student’s #-test. The standard deviation (SD) was calculated
from three separate experiments. Data analyses were carried
out with Excel software (Microsoft, New York, NY).

Results
Antioxidant activity

Figure 1 shows the results of the antioxidant activities.
BCEs, which were extracted from mature blackcurrant fruits
(Figure la) and premature blackcurrant fruits (Figure 1b),
dose-dependently removed DPPH radicals. At the maximum
concentration of BCE (1.6 mg/reaction), inhibition rates of
DPPH radicals of 92.4,91.9,91.2 and 91.3% were obtained
for M-BCE, MH-BCE, P-BCE and PH-BCE, respectively.
The ICsq values for M-BCE, MH-BCE, P-BCE and PH-BCE
were 347.2,318.5,441.7 and 331.8 pg/reaction, respectively.

Pharm Biol, 2014; 52(6): 782-788

Intriguingly, antioxidant activities of PH-BCE were slightly
higher than those of P-BCE with a significant difference
(»<0.05).

Inhibition of H,0,-induced DNA damage

Figure 2 shows the DNA damage inhibition effect of several
types of BCE. The DNA migration of each BCE single
treatment was similar to that of H,O,-untreated cells. This
indicates the absence of a genotoxic effect in each type
of BCE. The H,0, treatment, as a DNA oxidative damage
inducer, induced a significantly high level of DNA strand
breaks compared with that in H,O,-untreated cells
(p<0.00005). DNA migration of HO, and BCE-untreated
cells was 2.31 £0.12 um. On the other hand, H,O, alone
induced 9.38+0.11 pm of DNA migration. In combination
with H,O, and each BCE, the DNA migration significantly
decreased when the cells were treated with BCE at all
concentrations. At a concentration of 3.0mg/mL BCE,
the DNA migration decreased to less than 50% of H,O,
alone treatment in all types of BCE-treated conditions. Thus,
BCE treatments clearly inhibited DNA damage induced
by H,0, treatment in TK6 cells. As was the case for
antioxidant activity, the DNA strand breaks were significantly
decreased by PH-BCE treatment compared with those
by P-BCE treatment at 2.0mg/mL treatment condition
(p<0.05).

Inhibition of H,0,-induced micronucleus

Figure 3 shows the effect of suppression of H,O,-induced MN
formation by combined-treatment of BCE in TK6 cells.
Treatment with H,O, alone enhanced the frequency of MN
formation, that is, the number of cells with MN per 1000
cells, in a dose-dependent manner. In the combined treat-
ments, the MN frequencies significantly decreased in a dose-
dependent manner. The highest inhibitory effect was observed
in the M-BCE-treated cells, which inhibition ratio was 40% at
a concentration of 40 uM H,0O,. In the PH-BCE-treated cells,
the frequency of MN formation tended to be lower than in
P-BCE-treated cells, which inhibition trend did significant, as
was the case for the results of antioxidant activity and comet
assay.

Figure 1. DPPH free radical scavenging Mature Premature
activity of BCEs. The ordinate axis indi- (a) 100 (b) 100
cates the ratio of inhibition of DPPH radicals.
In this experiment, 0.016% of DPPH reaction | " | | & ___ee==P
solution and 0 to 1.6 mg of blackcurrant
extract from mature fruit (filled circle), ® 75 1 9 75 1
heated-mature fruit (opened circle), prema- o by
ture fruit (filled diamond) and heated-pre- = 5
mature fruit (opened diamond) were used. c 50 - c 50 -
Each symbol represents the mean value of 2 2
three experiments. An asterisk (¥) indicates g g
p<0.05 in the #-test comparing P-BCE and IS k=
PH-BCE. 251 25 1
0 L} T T 0 T T T T
0 500 1000 1500 0 500 1000 1500

BCE (ug)

BCE (ug)
@M-BCE OMH-BCE 4P-BCE <>PH-BCE
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Figure 2. Effects of BCEs on H,0O,-induced Mature
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Premature

DNA damage (DNA migration) in human
lymphoblastoid TK6 cells. The effects of
BCE extracted from mature fruit (a) and
premature fruit (b) are separately presented.
In this experiment, 0 to 3.0 mg/mL of black-
currant extract was treated without or with
300 uM of H,0,. Filled square, unheated
blackcurrant fruit without H,O,-treatment;
Opened square without H,O,-treatment;
Filled circle, unheated blackcurrant fruit with
H,0,-treatment; Opened circle, heated
blackcurrant fruit with H>O,-treatment. Each
symbol represents the mean value of three
experiments. A dagger (t) indicates
p<0.00005 in the r-test comparing H,0O,-
treated (300 tM) and untreated cells. A

(a) 10.0

o ©
o o
1 L

DNA migration (um)

B
o
L

2.0

(b) 10.0

6.0 4

DNA migration (um)

4.0 -

number sign (#) indicate p <0.05 in the #-test
comparing P-BCE and PH-BCE. An asterisk
(*) and two asterisks (**) indicate p <0.05
and p <0.005, respectively, in the r-test
comparing H,O,-treated and H,O, + BCE-
treated cells.

1

Figure 3. Effects of BCEs on H,O,-induced Mature

BCE (mg/mL)
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Premature

chromosomal aberration (micronucleus for-
mation) in human lymphoblastoid TK6 cells.
The effects of BCE extracted from mature
fruit (a) and premature fruit (b) are separately
presented. Dark gray column, H,O, single
treatment; Light gray column, H,O, treat-
ment combined with unheated blackcurrant
extract; White column, H,O, treatment
combined with heated blackcurrant extract.
Each column represents the average of three
experiments. A dagger () indicates p <0.005
in the t-test comparing H,O,-treated (20, 30,
40 uM) and untreated cells. An asterisk (*),
two asterisks (**) and three asterisks (**%*)
indicate p <0.1, p<0.05 and p <0.005,
respectively, in the #-test comparing H,O,-

20

s
- -
o o
. .

Number of cells with micronucleus
/1000 cells

20

—
O
-~

15 1

Number of cells with micronucleus
/1000 cells
o

treated and H,O, + BCE (1.0 mg)-treated
cells. 0

EH0,

Intracellular ROS scavenging activity of BCE

We investigated the intracellular H,O, as an index of ROS to
evaluate the ROS scavenging activity of BCE against H,O,-
induced ROS using fluorescent probe BES-H,O,-Ac, which
was the detection reagent for intracellular H,0O,. The
percentage of intracellular H,O, positive cells was approxi-
mately 12% in untreated cells, while the percentage of the
ROS positive cells induced by H,O,-treatment significantly
increased to 35% (p <0.05) (Figure 4). On the other hand, the
intracellular ROS production was significantly blocked by
BCE-combined treatment (p <0.05). There was no significant
difference between each BCE inhibition ratio.

Total polyphenols, anthocyanins and L-ascorbic acid
concentrations

Total polyphenolic contents calculated as (4)-catechin
equivalents are shown in Table 1. While the total polyphe-
nol contents of M-BCE, MH-BCE and P-BCE were
almost the same, interestingly, PH-BCE showed a higher

20 30

H,0, (uM)
[JH,0,+M-BCE
[IH;0,+MH-BCE

40 0 20 30

Hy0, (uM)
[JH,0,+P-BCE
[JH,0,+PH-BCE

40

EH0,

polyphenolic content. Total anthocyanins of each BCE
estimated by calculation with the molar absorbance coeffi-
cient are shown in Table 1. Mature blackcurrant had a high
concentration of anthocyanins compared with premature
blackcurrant. In both mature and premature BCE, the
concentration of anthocyanins extracted from heat-treated
blackcurrant was decreased compared with that of natural
blackcurrants. In mature BCE, the anthocyanin concentration
of MH-BCE was approximately 37% of that of M-BCE.
L-Ascorbic acid concentration was higher in the premature
BCEs than in the mature BCEs. In both premature and
mature BCEs, heat-treated BCEs showed an abundance of
L-ascorbic acid.

Discussion

Since the interest in daily healthcare by the intake of natural
foods and other products is continuing to rise against the
background of an aging society, increasing environmental
pollution and a growing awareness of various factors related
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H,0,+M-BCE

M-BCE+M-BCE

40 o

30 o

20 =

ROS positivve cells (%)

10 =

0 =

untreated H,0, M-BCE MH-BCE P-BCE PH-BCE H,O, H,0, H,0, H,0,

+ + + +
M-BCE MH-BCE P-BCE PH-BCE

Figure 4. Intracellular ROS scavenging activity of BCE. Intracellular ROS was measured using BES-H,0,-Ac fluorescent probe. H,O,-induced
ROS was reduced by BCE (1.0mg/mL). The ROS-positive cells more than 100 were counted in each treatment. A dagger () indicates p <0.05
in the r-test comparing H,O,-treated (300 uM) and untreated cells. An asterisk (*) indicate p<0.05 in the r-test comparing H,O,-treated and

H,O0, + BCE-treated cells.

Table 1. Total polyphenols, anthocyanins and L-ascorbic acid content
in the BCEs.

Total polyphenols Anthocyanins L-Ascorbic

(mg catecin eq/mL) (mg/mL) acid (mg/mL)
M-BCE 3.30 0.396 0.540
MH-BCE 3.36 0.146 0.757
P-BCE 3.29 0.008 0.985
PH-BCE 431 0.006 1.272

to quality of life, it is important to evaluate such foods
for antioxidative and antimutagenic activities. Blackcurrant
is well known for its positive impact on health due to a high
level of polyphenols, including anthocyanins, vitamins,
minerals and other beneficial compounds (Bakowska-
Barczak et al., 2009; Matsumoto et al., 2001). The health
benefits of blackcurrant have been reported all over the world.
In a previous study, blackcurrant extract exhibited high
antioxidant activity, inhibition of enlargement of globe
component dimensions and suppression of the proliferation
of HT29 colon cancer cells and MCF-7 breast cancer cells
(Olsson et al., 2004). Recently, we also reported the
antimutagenic effect of blackcurrant extracts, from premature
and mature fruit, evaluated using a yeast LOH system
(Yamamoto et al., 2012). Both BCEs inhibited DNA muta-
tions induced by H,O, as an oxidative damage agent, MMS as
an alkylating agent and UV as physical stress.

In this study, we investigated the antigenotoxic effect of
several types of BCE, which were extracted from mature
or premature fruit with or without heat treatment, against
DNA damage induced by H,O, in human lymphoblastoid
TK6 cells using two end-point methods, namely, comet assay

relating to primary DNA damage and MN assay relating
to chromosome aberration. Additionally, we demonstrated
evaluation of the antioxidative activity by DPPH radical
scavenger assay and of the intracellular ROS scavenging
activity using a fluorescent probe. The results obtained
showed that all BCEs used in this study had high antioxidant
activity which was observed intracellular ROS analysis, and
they presented antigenotoxic effects against H,O,-induced
DNA damage and chromosomal aberration in human
lymphoblastoid cells. H,O, is the major inducer of oxidative
stress, and it induces several types of genomic instability,
including DNA adducts such as 8-hydroxyguanosine (8-
oxodG, 8OHdG, 80HG), sister chromatid exchange, DNA
strand breaks and histone modification (Klaunig et al., 2010;
Limoli et al., 2003; Steinboeck et al., 2010; Tomita et al.,
2003; Turner et al., 2003; Ventura et al.,, 2010). As
polyphenolic compounds and L-ascorbic acid have antioxidant
activity with radical scavenging function, BCEs including
various polyphenols and vitamins exhibit antimutagenicity
(Yamamoto et al.,, 2012). The mature BCE treatments
exhibited high activity compared with premature BCE
treatments in terms of both antioxidant activity and
antimutagenic activity. In a recent study, it was reported
that blackcurrant seed extract, prepared differently from
the approaches used in this study, decreased the spontaneous
MN frequency in human lymphocyte cells (Godevac et al.,
2012). While we could not detect an inhibitory effect on
spontaneous genomic aberrations in our experiment, these
data strongly suggested that blackcurrant has the potential to
act in the defense of genomic DNA. Since the difference
of antioxidative activity was associated with the composition
of antioxidant, our previous study showed that M-BCE
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exhibited higher activities than P-BCE in the yeast cells.
In human lymphoblastoid cells, mature BCEs also showed
high genome defense activities, which were associated
with high antioxidant activity, compared with premature
BCEs. The several activities of MH-BCE were not quite
increased compared to other BCEs, while MH-BCE included
highest polyphenols and L-ascorbic acid. As it was reported
that fruit dietary soluble fiber had good antioxidant capacity
(Martinez et al., 2012), we consider there is a possibility
that the contents and properties of soluble fiber are
related to antioxidative and antigenotoxic activities of BCE.
Thus, it is important to analyze the composition of soluble
fiber included in BCEs and to evaluate these antioxidative
capacities. Interestingly, in the premature BCE treatments,
PH-BCE had high antioxidative and antigenotoxic
activities compared with unheated P-BCE. This means
that premature blackcurrants are made more useful by heat
processing. Indeed, some previous studies reported that
antioxidant activity was increased by heat treatment (Akira
& Yamashita, 2000; Ikeba & Kashima, 2006; Kang et al.,
2007; Shibata et al., 2005). In this study, we measured
the concentrations of total polyphenols, anthocyanins and
L-ascorbic acid, which are major antioxidants. As the con-
centrations of total polyphenols and L-ascorbic acid in
PH-BCE were higher than in P-BCE, it is possible
that PH-BCE showed high antioxidant and antigenotoxic
activities compared with P-BCE. While it is considered
possible that this increment of antioxidative activity is
attributable to the promotion of cell inclusion elution with
plant cell wall destruction by heat treatment, this mechanism
has not yet been elucidated (Ikeba & Kashima, 2006). While
total polyphenolic content for PH-BCE was higher than
for M-BCE and MH-BCE, PH-BCE activities were almost
the same as those for M-BCE and MH-BCE. We should
clarify the levels and constituents among polyphenols and
other antioxidants before or after heat treatment in BCE in
the near future.

Conclusions

In conclusion, we have demonstrated that BCEs, which
were extracted from mature and premature blackcurrants
with or without heat treatment using a microwave oven,
exhibited high antioxidative and antigenotoxic activities
against H,O,-induced oxidative stress in the human lympho-
blastoid TK6 cell line. Since oxidative stress is one of
the major factors associated with carcinogenesis and lifestyle-
related diseases, we consider these BCE activities have useful
roles in daily healthcare for the protection of genomic DNA.
However, further studies should be performed to obtain a
deeper understanding of the active compounds, antigenotoxi-
city mechanisms and in vivo activity.
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