
Abstract. Background: Antioxidant, antiproliferative and
apoptosis inducing activities of a natural polyphenolic
compound, ellagic acid, were studied. Materials and Methods:
DPPH radical scavenging and lipid peroxidation inhibitory
activities were observed. Activities of antioxidant enzymes,
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX) were measured in ellagic acid-treated V79-
4 cells. For apoptotic inducing activity, human osteogenic
sarcoma (HOS) cell proliferation, chromosomal DNA
degradation and changes in apoptosis-related protein levels
were measured. Results: Ellagic acid showed high DPPH
radical scavenging and lipid peroxidation inhibition activities.
SOD, CAT and GPX activities were significantly increased in
ellagic acid-treated V79-4 cells. Ellagic acid significantly
reduced HOS cell proliferation, and induced apoptosis
evidenced by chromosomal DNA degradation and apoptotic
body appearance. Bax expression was induced and caspase-3
was activated by ellagic acid treatment. Conclusion: Ellagic
acid exhibited both antioxidant activity in V79-4 cells and
apoptosis-inducing activity in HOS cells through the up-
regulation of Bax and activation of caspase-3.

Green tea has been the most highly consumed beverage,
along with water, for many centuries in Asian countries.
Since the beneficial effects of green tea are known, many
studies have focused on the identification of the
components of green tea and the investigation of the active
ingredients mechanism (1-4). Ellagic acid is a polyphenolic
compound present in green tea and other natural sources
including pomegranate, strawberries, blackberries,
raspberries, walnuts and bark of Eucalyptus (3, 5-6). Ellagic
acid has been found to have antioxidant, anticarcinogenic,
antifibrosis, antiplasmodial activity and chemopreventive
activity (3, 6-10). 

It was reported that many antioxidant substances have
anticancer or anticarcinogenic properties. For example,
resveratrol in grapes and other food products has been
shown to protect cells from oxidative damage and death and
to prevent carcinogenesis in a murine model (11-13). The
present study was, therefore, designed to investigate whether
ellagic acid has a protective effect against H2O2-induced
oxidative stress in Chinese hamster lung fibroblast (V79-4)
cells and to characterize the mechanism of its apoptosis-
inducing effect in human osteogenic sarcoma (HOS) cells.

Materials and Methods

Chemicals. Ellagic acid (4,4’,5,5’,6,6’-hexahydroxydiphenyic acid
2,6,2’,6’-dilactone) was purchased from Sigma Chemical Co. (St.
Louis, MO, USA). All other chemicals were of the highest
analytical grade and were purchased from common sources. 

DPPH free radical scavenging activity. In order to measure
antioxidant activity, the DPPH free radical scavenging assays were
carried out according to previously described procedures (14). 

Cell culture and cytotoxicity test. The Chinese hamster lung cell line
V79-4 (ATCC CCL-93) was grown in Dulbecco's modified Eagle's
medium (DMEM, Gibco, BRL, USA) supplemented with 10%
(v/v) heat inactivated fetal bovine serum (FBS), 2 mM glutamine
and antibiotics in a humidified incubator with 5% CO2/95% air at
37ÆC. Human osteogenic sarcoma (HOS) cell line (ATCC CRL-
1543) was cultured in DMEM supplemented with 10% FBS, 2 mM
L-glutamine and antibiotics. Exponentially growing HOS cells were
seeded at 5x104 cells/well in a 96-well plate and treated with the
indicated concentrations of ellagic acid or vehicle. After various
periods of exposure, the general viability of cultured cells was
determined by assaying the reduction of MTT to formazan (15).
Experiments were performed at least in triplicate. 

Lipid peroxidation inhibitory activity. Lipid peroxidation was
determined by measuring malondialdehyde (MDA) (14). V79-4
cells in culture were incubated with ellagic acid at various
concentrations (0, 4, 20 and 100 Ìg/ml) for 60 min, followed by 100
Ìª H2O2 for 60 min. Inhibitory activity against lipid peroxidation
was expressed as IC50.

Assays for antioxidant enzymes. V79-4 cells were treated with 0, 4, 20
and 100 Ìg/ml of ellagic acid for 60 min. The cells were then lysed in
a lysis buffer appropriate for the requirements of each assay described
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previously (14). The results are expressed as enzyme activity per mg
protein, as compared to the corresponding control cultures. 

DNA fragmentation analysis. HOS cells were treated for different
periods with various concentrations of the sample. Cells were then
harvested and DNA fragmentation was analyzed as described
elsewhere (16). 

Nuclear morphology and flow cytometric analysis. HOS cells were
treated with 10 Ìg/ml of ellagic acid for 0, 24, 48 and 72 h.
Morphology of cellular nuclei was observed as described previously
(14). Or cells were harvested and used for flow-cytometric analysis
as described previously (17).

Western blot analysis. HOS cells were treated with ellagic acid and
subjected to Western blot analysis, as described previously (17).
Blots were probed with mouse monoclonal anti-human anti-
caspase-3 (Transduction Laboratory, USA), and rabbit monoclonal
anti-human anti-Bax and anti-PARP (Santa Cruz Biotechnology,
USA) antibodies. Immunoreactivity was detected using either an
anti-mouse (Santa Cruz Biotechnology) or anti-rabbit (Amersham
Biosciences, UK) peroxidase-conjugated secondary IgG antibody
and an enhanced chemiluminescence (ECL) detection kit
(Amersham Biosciences). 

Results

DPPH radical scavenging and lipid peroxidation inhibitory
activities of ellagic acid. The antioxidant activity of ellagic
acid was evaluated on the basis of its DPPH free radical
scavenging activity and by the inhibition of lipid
peroxidation (Figure 1). The DPPH radical scavenging
activity of ellagic acid showed relatively high radical
scavenging activity. More than 75% of DPPH radical was
scavenged in the range of concentrations used in this study
(0.8-100 Ìg/ml). As shown in Figure 1B, cells pretreated
with ellagic acid exhibited a dose-dependent reduction in
lipid peroxidation induced in H2O2-treated V79-4 cells.
Treatment of 4, 20 and 100 Ìg/ml of ellagic acid inhibited
lipid peroxidation by 55%, 79% and 88%, respectively (IC50
value <4.0 Ìg/ml). 

Effect of ellagic acid on antioxidant enzyme activity. In order
to investigate whether these antioxidant properties of ellagic
acid were mediated by an increase in antioxidant enzymes,
we measured superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPX) activities in V79-4 cells
treated with the extract (Figure 2). Treatment with the
extract at doses of 4, 20 and 100 Ìg/ml induced SOD activity
to 31.1, 34.9 and 36.6 U/mg protein (25%, 40% and 47%
increase), respectively (Figure 2A). The activity of SOD in
control cells untreated with the extract was 24.9±1.5 U/mg
protein. Ellagic acid also increased CAT activity dose-
dependently (Figure 2B). At doses of 4, 20 and 100 Ìg/ml,
the measured CAT activity was 17.2, 18.9 and 22.2 U/mg
protein (control value was 14.9±1.9 U/mg protein). The
relative increase in CAT activity was 16%, 27% and 49%,
respectively. GPX activity increased dramatically in
response to treatment with the extract (Figure 2C). This
occurred in a dose-dependent manner, in that 4, 20 and 100
Ìg/ml of ellagic acid increased GPX activity to 15.0, 16.3
and 18.3 U/mg protein (28%, 39% and 56% increase),
respectively. The activity of GPX in control cells untreated
with the extract was 11.7±1.3 U/mg protein. 

Induction of apoptosis by ellagic acid. The anti-proliferative
effect of ellagic acid on a cancer cell line, HOS, was
evaluated with the MTT assay. When cells were treated for
48 h with 0, 4, 20 and 100 Ìg/ml of ellagic acid, the relative
cell proliferation progressively decreased in a dose-
dependent manner, as shown in Figure 3. The IC50 value for
ellagic acid on HOS cells was 6.5 Ìg/ml.

To determine whether ellagic acid-meditated inhibition
of growth and proliferation was associated with apoptosis,
we examined the ellagic acid-induced chromosomal DNA
degradation in HOS cells. Analysis of DNA extracted 
from ellagic acid-treated HOS cells additionally revealed 
a progressive, time- and dose-dependent increase in
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Figure 1. DPPH radical scavenging (A) and lipid peroxidation inhibition
(B) activities of ellagic acid. Each experiment was performed at least 3 times
and data are expressed as average percent change from control ± S.D. 



chromosomal DNA degradation (Figure 4), which may be
associated with the degradation of chromosomal DNA at
the linker regions characteristic of apoptotic cells. 

Appearance of apoptotic bodies by ellagic acid treatment. In
order to analyze the apoptosis induction effect of ellagic acid,
we used propidium iodide to stain nuclei of HOS cells treated
with ellagic acid. As shown in Figure 5A, control cells
exhibited intact nuclei, but cells treated with ellagic acid
showed significant time-dependent nuclear fragmentation.
The induction of apoptotic bodies in ellagic acid-treated HOS
cells was further analyzed by flow-cytometric determination of
DNA content. Histograms of DNA content obtained from
propidium iodide-stained HOS cells, showed that the
percentage of cells with reduced DNA content progressively
increased over time. Apoptosis was negligible within 24 h of
treatment. Forty-eight and 72 h after ellagic acid treatment
(10 Ìg/ml), however, the percentage of apoptotic cells
increased to 15.5 and 22.8%, respectively (Figure 5B). The
profile for the ellagic acid-induced increase in hypodiploid
DNA content closely correlated with the chromosomal DNA
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Figure 2. Effect of ellagic acid on antioxidant enzymes. V79-4 cells were
treated with 0, 4, 20 and 100 Ìg/ml of ellagic acid and superoxide dismutase
(SOD) activity (A), catalase (CAT) activity (B) and glutathione peroxidase
(GPX) activity (C) were measured as described in Materials and Methods
section. Each experiment was performed at least 3 times and the data are
expressed as average enzyme units per mg protein from control ± S.D.

Figure 3. Antiproliferative activity of ellagic acid in HOS cells. HOS cells
were precultured in 96-well microplates for 16 h and then incubated with
4, 20 and 100 Ìg/ml of ellagic acid for 48 h. Cell survival was measured by
the MTT assay. Data are presented as means ± SD. The percentage of
cell growth in the control group was designated as 100%.
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Figure 4. Ellagic acid induced a time- and dose-dependent induction of chromosomal DNA degradation in HOS cells. (A) HOS cells were treated with
ellagic acid at a concentration of 10 Ìg/ml and harvested at 0, 24, 48 and 72 h. (B) Cells were treated with ellagic acid at concentrations of 0, 1, 5, 10
and 20 Ìg/ml for 72 h. Chromosomal DNA was extracted and subjected to electrophoresis on 1.5% agarose gels followed by ethidium bromide staining. 

Figure 5. Apoptotic bodies were induced by ellagic acid treatment. HOS cells were treated with 10 Ìg/ml of ellagic acid for 0, 24, 48 and 72 h and were
stained with propidium iodide. (A) Cellular morphological changes were observed using a fluorescent microscope at the magnitude of 200X. (B) DNA
content analysis was performed using a flow cytometer. 



degradation. In parallel to the increase in the number of cells
with sub-G1 hypodiploid DNA content, there was a decrease
in the number of cells with diploid DNA content.

Effect of ellagic acid treatment on caspase-3 activation. In
order to investigate the mechanism by which ellagic acid
induce apoptosis, various apoptosis-related proteins were
examined. HOS cells were cultured in media containing 
10 Ìg/ml of ellagic acid for 0, 24, 48 and 72 h. At each time-
point, total protein was isolated and Bax, caspase-3, and
PARP [poly(ADP-ribosyl)polymerase] immunoreactivity
levels were measured by Western blotting (Figure 6). The
pro-apoptotic protein, Bax was increased in response to
ellagic acid treatment (Figure 6A). Pro-caspase-3 levels
were also decreased, implying that the levels of active
caspase-3 were increased. To investigate the enzymatic
activation of caspase-3, we measured the cleavage of
PARP, which is a caspase-3 substrate. When cells were
treated with 10 Ìg/ml of ellagic acid, a time-dependent
increase in the formation of the 85 kDa fragment and a
decrease in the 116 kDa PARP were observed (Figure 6B).

Discussion

In this work, anti-oxidative and apoptosis inducing effect of a
polyphenolic compound, ellagic acid, were evaluated. Ellagic
acid exhibited significant DPPH free radical scavenging
activity and inhibited lipid peroxide production in V79-4 cells
exposed to H2O2. It was also found that ellagic acid increased
the activity of three antioxidant enzymes, SOD, CAT and
GPX, which are altered in various diseases involving free
radical attack (18). The activities of these enzymes were

enhanced in an environmental contaminant, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)-treated rat brain (19).
Other studies also reported anti-oxidative properties of ellagic
acid against oxidative stress in PC 12 cells (20). 

As stated earlier, several anti-oxidative compounds have
been shown to protect against experimental carcinogenesis
and to induce apoptosis of cancer cells. Ellagic acid also
showed enhanced radiation-induced oxidative stress and
cytotoxicity in tumor cells (21). The present results
demonstrated that anti-oxidative compound, ellagic acid
also induced apoptosis in HOS cells. The induction of
apoptotic cell death was accompanied by characteristic
morphological and structural changes. Chromosomal DNA
fragmentation, as determined by agarose gel electrophoretic
analysis and fluorescent microscope observation, were
consistent with apoptosis in cells treated with ellagic acid.
The flow cytometry data more clearly confirmed apoptosis
in ellagic acid-treated HOS cells.

Apoptosis is a tightly regulated process, which involves
changes in the expression of distinct genes. Apoptosis
induction mechanism of ellagic acid is not fully understood
yet. It is suggested that ellagic acid may reveal anti-
proliferative activity through inhibition of inositol-1,4,5-
triphosphate 3-kinase, which is known as the best binding
target for antiproliferative agents (22). In the present study,
it was observed that caspase-3 was activated and the caspase
substrate PARP was proteolytically cleaved to low molecular
weight fragments in ellagic acid-treated HOS cells. A similar
observation reported that ellagic acid interacts with other
polyphenolic compounds synergistically in the induction of
caspase-3 (23). In addition to caspase-3 activation, the levels
of Bax, a pro-apoptotic protein, were increased upon
treatment of ellagic acid, resulting in a decrease in the ratio
of Bcl-2/Bax, one of the major events that regulate apoptosis.
Taken together, these findings suggest that ellagic acid
exhibits anti-oxidant activity in a normal cell line and
apoptosis induction activity in a cancer cell line, through the
down-regulation of Bcl-2/Bax and activation of caspase-3.

Acknowledgements

This work was supported by the Seoul Research and Business
Development Program (10524) from Seoul city goverment in Korea.

References

1 Aggarwal BB and Shishodia S: Molecular targets of dietary
agents for prevention and therapy of cancer. Biochem Pharm
71: 1397-1421, 2006.

2 Bode AM and Dong Z: Signal transduction pathways: targets
for green and black tea polyphenols. J Biochem Mol Biol 36:
66-77, 2003.

3 Dorai T and Aggarwal BB: Role of chemopreventive agents in
cancer theraphy. Cancer Lett 215: 129-140, 2004.

Han et al: Antioxidant and Apoptosis Inducing Activities of Ellagic Acid

3605

Figure 6. Changes in the expression of apoptosis-related proteins in response
to treatment with ellagic acid. HOS cells were treated with 10 Ìg/ml of ellagic
acid for 0, 24, 48 and 72 h. Cell extracts were subjected to western blotting to
determine immunoreactivity levels of Bax (A), procaspase-3 (B), and PARP
(C) as described in Methods. Representative western blots are shown. 



4 Zaveri NT: Green tea and its polyphenolic catechins: Medicinal
uses in cancer and noncancer applications. Life Sci 78: 2073-
2080, 2006.

5 Kim J-P, Lee I-K, Yun B-S, Chung S-H, Shim G-S, Koshino H
and Yoo I-D: Ellagic acid rhamnosides from the stem bark of
Eucalyptus globules 57: 587-591, 2001.

6 Seeram NP, Adams LS, Henning SM, Niu Y, Zhang Y, Nair MG
and Heber: In vitro antiproliferative, apoptotic and antioxidant
activities of punicalagin, ellagic acid and a total pomegranate
tannin extract are enhanced in combination with other
polyphenols as found in pomegranate juice. J Nutr Biochem 16:
360-367, 2005.

7 Stoner GD and Mukhtar H: Polyphenols as cancer
chemopreventive agents. J Cell Biochem Suppl 22: 169-180, 1995.

8 Festa F, Aglitti T, Duranti G, Ricordy R, Perticone P and Cozzi
R: Strong antioxidant activity of ellagic acid in mammalian cells
in vitro revealed by the comet assay. Anticancer Res 21: 3903-
3908, 2001.

9 Banzouzi J-T, prado R, Menan H, Valenin A, Roumestan C,
Mallie M, Pelissier Y and Blache Y: In vitro antiplasmodial
activity of extracts of Alchornea cordifolia and identification of
an active constituent: ellagic acid. J Ethnopharmacol 81: 399-
401, 2002.

10 Yu Y-M, Chang W-C, Wu C-H and Chiang S-Y: Reduction of
oxidative stress and apoptosis in hyperlipidemic rabbits by ellagic
acid. J Nutr Biochem 16: 675-681, 2005.

11 Jang M, Cai L, Udeani GO and Pezzuto JM: Cancer
chemopreventive activity of resveratrol, a natural product derived
from grapes. Science 275: 218-220, 1997.

12 Chanvitayapongs S, Draczynska-Lusiak B and Sun AY:
Amelioration of oxidative stress by antioxidants and resveratrol in
PC12 cells. Neuroreport 8: 1499-1502, 1997.

13 Clement MV, Hirpara JL, Chawdhury S and Pervaiz S:
Chemopreventive agent resveratrol, a natural product derived
from grapes, triggers CD95 signaling-dependent apoptosis in
human tumor cells. Blood 92: 996-1002, 1998.

14 Lee SE, Shin HT, Hwang HJ and Kim JH: Antioxidant activity
of extract from Alpinia katsumadai seed. Phytother Res 17: 1041-
1047, 2003.

15 Monks A, Scudiero D, Skehan P, Shoemaker R, Paull K, Vistica
D, Hose C, Langley J, Cronise P, Vaigro-Wolff A, Gray-
Goodrich M, Campbell H, Mayo J and Boyd M: Feasibility of a
higy-flux anticancer drug screening using a diverse panel of
human tumor cell lines. J Natl Cancer Inst 83: 757-766, 1991.

16 Hyun SJ, Yoon MY, Kim TH and Kim JH: Enhancement of
mitogen-stimulated proliferation of low-dose radiation-adapted
mouse splenocytes. Anticancer Res 17: 225-229, 1997.

17 Piao W, Yoo J, Lee DK, Hwang HJ and Kim JH: Induction of
G2/M phase arrest and apoptosis by a new synthetic anticancer
agent, DW2282, in promyelocytic leukemia (HL-60) cells.
Biochem Pharmacol 62: 1439-1447, 2001.

18 Halliwell B and Gutteridge JMC: Free Radicals in Biology and
Medicine (3rd ed.). Oxford University, 1998.

19 Hassoun EA, Vodhanel J, Holden B and Abushaban A: The
effects of ellagic acid and vitamin E succinate on antioxidant
enzymes activities and glutathione levels in different brain
regions of rats after subchronic exposure to TCDD. J Toxicol
Environ Health 50: 195-215, 2006.

20 Pavlica S and Gebhardt R: Protective effects of ellagic and
chlorogenic acids against oxidative stress in PC12 cells. Free
Radic Res 39: 1377-1390, 2005.

21 Bhosle SM, Huilgol NG and Mishra KP: Enhancement of
radiation-induced oxidative stress and cytotoxicity in tumor cells
by ellagic acid. Clin Chim Acta 359: 89-100, 2005.

22 Mayr GW, Windhorst S and Hillemeier K: Antiproliferative
plant and synthetic polyphenolics are specific inhibitors of
vertebrate inositol-1,4,5-triphosphate 3-kinases and inositol
polyphosphate multikinase. J Biol Chem 280: 13229-13240,
2005.

23 Mertens-Talcott SU and Percival SS: Ellagic acid and quercetin
interact synergistically with resveratrol in the induction of
apoptosis and cause transient cell cycle arrest in human
leukemia cells. Cancer Lett 218: 141-151, 2005.

Received June 22, 2006
Accepted July 20, 2006

ANTICANCER RESEARCH 26: 3601-3606 (2006)

3606



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


