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A novel flow-injection analysis system for evaluation of antioxidants by
using sodium dichloroisocyanurate as a source of hypochlorite anion
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ABSTRACT: A flow injection analysis (FIA)
system for evaluation of the antioxidant activity of
a compound capable of scavenging a hypochlorite
anion (OCI), one of the reactive oxygen species (ROS),
was developed. Aminophenyl fluorescein (APF), a
fluorescence indicator of ROS, was mixed manually
with the test compounds and the mixed solution was
injected into the FIA system. The injected solution
was reacted in-line with OCI’, that was produced by
using sodium dichloroisocyanurate in the presence of
0.1 M CH,CO,Na in H,O. The fluorescence intensity
of fluorescein generated from non-fluorescent APF
was significantly attenuated in compounds that had
a scavenging effect on OCI'. The precision obtained
by the FIA system was satisfactory (relative standard
deviation < 5.0%) and a rapid assay within 0.5 min
per sample was achieved. The proposed FIA system
was used to demonstrate that reduced glutathione,
dithiothreitol, and 3-methyl-1-phenyl-5-pyrazolone
(edaravone) showed a significant scavenging effect on
OCI'. Therefore, the proposed FIA system can be used
as a screening assay for OCI -scavenging compounds.

Keywords: Screening assay, reactive oxygen species,
aminophenyl fluorescein, fluorescence, reduced
glutathione

1. Introduction

Reactive oxygen species (ROS) such as hydroxyl
radicals, superoxide anion, and hypochlorite anion have
attracted considerable attention in the post-genome
era because they are involved in posttranslational
modification of proteins (/-3). It has been suggested that
these posttranslational modifications lead to dysfunctions
in biological systems, thus causing diseases such as
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diabetes and cancer (4,5). Recently, we reported that
hydroxyl radicals could oxidize specifically *’Met of
glucagon (6), and furthermore that the ability of *"Met
sulfoxide of glucagon to produce cAMP was reduced to
approximately 25% of that of native glucagon in HepG2
cells (6). A similar phenomenon has been observed in
the case of cholecystokinin octapeptide (CCKS8) (7),
in which the oxidized CCKS8 revealed in vitro-altered
bioactivity in the LOVO cells (8). Similarly, oxidation
of functionalized proteins or bioactive peptides by ROS
could deteriorate their original and regular functions
(9,10). Therefore, it is crucial to prevent ROS-induced
oxidative stress by providing an anti-oxidant supplied
from exogenous origins such as food or supplements.
Research has focused on a variety of candidates for anti-
oxidants capable of preventing oxidation from ROS,
such as catechins, ascorbic acid, and quercetin (//-17).
Considering this background on the importance of
anti-oxidants in vivo, a novel screening assay system is
needed for the discovery and evaluation of compounds
that can scavenge ROS. In most studies concerning ROS,
Fenton's or Fenton-like reactions, which utilize Fe** or
Cu™" and H,0, as a tool for ROS production, have been
employed for in vitro-generation of hydroxyl radical (HO-)
(18,19). In Fenton's reaction, however, it is difficult to
regulate the concentration of hydroxyl radicals generated
from Fenton's solution. Therefore, Fenton's reaction has a
disadvantage in that a constant concentration of hydroxyl
radical could not be provided. In order to evaluate
precisely the anti-oxidant activity of a compound, it is
preferable that the amount of generated ROS should
remain unchanged in the reaction system. In the present
study, therefore, hypochlorous acid (HOCI) was selected
as the ROS. In aqueous solution, HOCI is released as
hypochlorite anion (OCI"), which is involved in the
etiology of atherosclerosis (20). As a source of HOCI and
OCI, sodium dichloroisocyanurate (DCCA, Figure 1)
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Figure 1. Reaction scheme of DCCA with H,0.
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was used because an accurate concentration of the DCCA
solution is easy to prepare due to the fact that it is a solid
compound. As shown in Figure 1, DCCA can be released
as OCI in aqueous solution (27). Until now, DCCA has
been used for the production of OCI, which has in turn
been utilized for chemiluminescent detection of sulfide ion
in spring water (2/). To evaluate the scavenging effect of
ROS, aminophenyl fluorescein (APF) (22) was employed
in this study. It has been reported that APF can emit
fluorescence originating from fluorescein in the presence
of OCI” (22).

Taking these reagents together, we constructed a
flow-injection analysis (FIA) system (Figure 2) in order
to develop a reliable, simple, and rapid whole assay
operation method. APF was mixed manually with each
test compound and the mixed solution was injected into
the FIA system. The injected solution was reacted in-
line with OCI™ produced from DCCA. The fluorescence
intensity of fluorescein generated from non-fluorescent
APF would be significantly attenuated if the test
compound had a scavenging effect on the OCI'. Thus,
the change of the fluorescence intensity can be used to
estimate the anti-oxidant activity of the test compounds.
In the present study, several compounds known as anti-
oxidants were assayed by the proposed FIA system and
the feasibility of the FIA system was verified.

2. Materials and Methods
2.1. Materials

Aminophenyl fluorescein (APF) was purchased
from Sekisui Medical Co., Ltd. (Tokyo, Japan).
Dichloroisocyanuric acid, sodium salt (DCCA) was
purchased from Sigma-Aldrich (St. Louis, MO, USA).
N,N-Dimethylformamide (DMF) was purchased
from Nacalai Tesque, Inc. (Kyoto, Japan). Sodium
hypochlorite containing 6% active chlorine was
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Figure 2. Block diagram of the proposed FIA system.

purchased from Koso Chemical (Tokyo, Japan). Water
used throughout this investigation was processed
by a Milli-Q Water Purification System (Millipore
Corporation, Milford, MA, USA).

2.2. Sample preparations

A commercially available 5.0 mM APF solution (in DMF)
was diluted with additional DMF to create a 10 pM APF
stock solution. The APF stock solution was stable for
several months in a refrigerator. Each sample solution was
prepared by mixing a test compound in 500 pL of 0.1 M
sodium acetate (in H,O) with 500 pL of 10 uM APF. The
blank solution was a mixture of 500 pL of 0.1 M sodium
acetate and the same volume of 10 uM APF. Twenty
microliters of either a sample or the blank solution were
injected manually into the FIA system through a Rheodyne
7125 injector equipped with a 20 puLL sample loop.

2.3. FIA system

A schematic diagram of the FIA system constructed in
this experiment is shown in Figure 2. The two elution
pumps were Shimadzu LC-10AS (Shimadzu Corp., Kyoto,
Japan). All elution tubing and connectors used were of
PEEK™ materials. Fluorescence intensity was monitored
using a Shimadzu RF-535 fluorescence detector and the
excitation and emission wavelengths were set at a constant
490 and 515 nm, respectively. The mobile phase solutions
A and B were 0.1 M sodium acetate and 50 uM DCCA in
H,0, respectively. The flow rate for both solutions was 2.0
mL/min.

2.4. Preparation of test compounds
The test compounds dithiothreitol, reduced

glutathione, and 3-methyl-1-phenyl-5-pyrazolone
(MPP) were all purchased from Nacalai Tesque, Inc.
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Quercetin dihydrate was purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Melatonin,
quinolinic acid, and kynurenine were purchased
from Sigma-Aldrich (St. Louis, MO, USA). These
compounds were dissolved in H,O to prepare a 1.0
mM stock solution. In the case of the lipophilic
compounds such as the pyrazolone derivatives, a
water-soluble organic solvent such as DMF was used.
The stock solution was diluted with 0.1 M sodium
acetate in H,O to prepare a 0.05-20 uM solution, and
500 pL of the aliquot was used for the evaluation of
anti-oxidant activity by the FIA system described
above.

2.5. Evaluation of anti-oxidant activity

In the absence of a test compound, the fluorescence
peak height obtained in the FIA chart was designated
as the blank value (100%) (n = 5). Subsequently, a
dose-response curve for each test compound was
drawn by plotting the fluorescence peak height at each
concentration of test compound against the concentration
of the test compound (n = 5). The concentration of
the test compound indicating 50% of the blank value
was regarded as the ECs, of the compound according
to previous papers (23,24). Thus, in the present study,
the ECy, value (uM) was evaluated as the anti-oxidant
activity of the test compound.

3. Results and Discussion
3.1. Source of hypochlorite anion

Among several kinds of ROS such as HO', O, ",
'0,, H,0,, ONOO", HOCI, and ROO;, in the present
study, we chose HOCI as the ROS for the present
FIA assay. As a source of OCI', we first investigated
the use of sodium hypochlorite (NaOCl); however,
the relative standard deviation (RSD) value of the
sample was too large, and therefore stable precise
data could not be obtained (data not shown). For this
reason, it was speculated that the poor precision may
have arisen from the physical properties of NaOCI,
because NaOCl is a liquid compound. Commercially
available NaOCl is a 5-7% solution, and therefore the
concentration is not exact. Thus, DCCA was chosen as
the source of OCI', because although DCCA is a solid
compound, it can release OCI in aqueous solution
(Figure 1).

3.2. Effect of pH and kinds of base

In the present study, APF was used for the ROS indicator.
APF fluoresces, which originates from fluorescein in the
presence of a hydroxyl radical or HOCI, although APF
itself shows no fluorescence (22). The responsiveness
of APF to HOCI was three times higher than it was to a
hydroxyl radical, and therefore a subtle scavenging effect
of OCI by a test compound could be detected using APF.
APF can react with OCI to emit intense fluorescence
at 515 nm in a basic solution. A pH range for the carrier
solution of 8.0-11.0 was therefore recommended. For
preparing the carrier solution at pH 8.0-11.0, several
bases were examined as to whether sufficient data could
be obtained. Table 1 lists the fluorescence peak height
and the RSD of each base examined in the present study.
As listed in Table 1, the use of 0.1 M sodium acetate
(CH5CO,Na) in H,O gave the highest peak height and
the smallest RSD values. Therefore, 0.1 M CH,CO,Na
was used as the carrier solution.

3.3. Effect of concentrations of APF and DCCA

Figures 3A and 3B show the change of fluorescence
intensity (peak height) as a function of the concentrations
of DCCA and APF, respectively. The observed
fluorescence peak height increased with increasing
concentration of both DCCA and APF. In the preliminary
experiment, a decrease of fluorescence peak height
was not dependent on the concentration of the test
compound at DCCA concentrations above 50 uM in
carrier solution B (Figure 2) (data not shown); therefore,
the DCCA concentration was set at 50 uM. The obtained
peak height was 7.0 x 10° at 5.0 uM APF; therefore,
the concentration of 5.0 pM APF was sufficient for
the evaluation of ECs, values for each test compound.
Reproducibility of the FIA system was estimated using
relative standard deviations of peak height for each
measured point, RSD < 4.5% for DCCA (Figure 3A) and
RSD <4.4% for APF (Figure 3B).

3.4. Effect of flow rate

Figure 4 shows a representative FIA chart of reduced
glutathione obtained at a flow rate of 2.0 mL/min.
The observed peak heights apparently decreased
with increasing concentration of reduced glutathione,
indicating that the anti-oxidant activity of reduced
glutathione could also be evaluated by the present FIA

Table 1. Effects of carrier solution on the fluorescence peak height and RSD (%)

Carrier solution Mean value of peak height RSD (%)
0.01 M Sodium phosphate buffer in H,O (pH 7.4) 3,200 5.3-19.7
0.1 M Sodium acetate in H,O (pH 8.5) 531,689 0.2-2.7
0.1 M Sodium bicarbonate in H,O (pH 8.7) 40,700 1.5-8.7
0.1 M Sodium carbonate in H,0 (pH 10.5) 7,250 0.7-5.2
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Figure 3. Fluorescence intensity of fluorescein produced
from APF as a function of concentration by the present
FIA system. Concentration of DCCA (A) and APF (B).
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Figure 4. Representative FIA chart of 0, 10, 100, 500, 1,000,
and 5,000 pM reduced glutathione, obtained at a flow
rate of 2.0 mL/min. Numerals in this figure represent the
concentrations of reduced glutathione.

system. When the flow rate was slow (0.5 mL/min), the
peak top was divided. Although the reason why the peak
shape deteriorated is not yet understood, a clear peak
shape would be required for an accurate evaluation. In
addition, a higher flow rate can contribute to a reduced
analysis time. Thus, considering the peak shape and total
analysis time, a flow rate of 2.0 mL/min was chosen in
this study.

3.5. Anti-oxidant activity of test compounds

Figure 5 shows a representative dose-response curve
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Figure 5. Dose-response curve of reduced glutathione
evaluated by the present FIA system.

Table 2. EC;, values of test compounds, obtained by the
proposed method

Test compounds ECs, (uM)
Ascorbic acid 307.2
Reduced glutathione 162.6
Quercetin dihydrate 1,024
Dithiothreitol 211.1
Edaravone (3-methyl-1-phenyl-5-pyrazolone) 203.1
Quinolinic acid 1,723
Kynurenine 934.2
Melatonin 1,517

of reduced glutathione evaluated by the present FIA
system. At concentrations of reduced glutathione above
1,000 uM, the plotted point was excluded from the
linear regression line; therefore, only the points within
the linear regression line were adopted to determine the
EC,, value. Similarly, several compounds were tested
for anti-oxidant activity using the present FIA system.

In the present study, the test compounds other than
reduced glutathione were ascorbic acid, quercetin
dihydrate, dithiothreitol, edaravone, quinolinic acid,
kynurenine, and melatonin. The EC,, values for each
compound were calculated and are listed in Table 2.
Among them, reduced glutathione exhibited the smallest
EC,, value. To our knowledge, thus far there have been
no reports revealing that the anti-oxidant activity against
OCI of reduced glutathione was more effective than
that of ascorbic acid, which is a well-known antioxidant.
In the case of scavenging OCI in an in vitro experiment,
our studies indicated that reduced glutathione might
be more effective than ascorbic acid. Based on these
studies, it is speculated that reduced glutathione might
also be efficacious for scavenging OCI in vivo.

4. Conclusion

By using APF as an ROS indicator, an FIA system for
the evaluation of antioxidants using DCCA as a source of
OCI was developed. The anti-oxidant activity of several
compounds was satisfactorily evaluated by the present
FIA system, demonstrating that it can be useful as a
screening assay for anti-oxidant activity against OCI .

www.ddtjournal.com



48

Drug Discoveries & Therapeutics. 2012; 6(1):44-48.

Acknowledgements

The authors gratefully thank Dr. Ishigami, Toho
University, for his valuable comments in this study,
and Miss Rie Ikeda, Miss Ayako Tsutiya, Miss Kahori
Kobayashi, and Mr. Takahisa Kanayama for their
technical assistance.

References

10.

11.

12.

Davies MJ. The oxidative environment and protein
damage. Biochim Biophys Acta. 2005; 1703:93-109.
Cadet J, Douki T, Ravanat JL. Oxidatively generated
damage to the guanine moiety of DNA: Mechanistic
aspects and formation in cells. Acc Chem Res. 2008;
41:1075-1083.

Fonseca C, Domingues P, Reis A, Domingues MR.
Identification of leucine-enkephalin radical oxidation
products by liquid chromatography tandem mass
spectrometry. Biomed Chromatogr. 2008; 22:947-959.
Sayre LM, Perry G, Smith MA. Oxidative stress and
neurotoxicity. Chem Res Toxicol. 2008; 21:172-188.
Bonomini F, Tengattini S, Fabiano A, Bianchi R,
Rezzani R. Atherosclerosis and oxidative stress. Histol
Histopathol. 2008; 23:381-390.

Ichiba H, Ogawa T, Yajima T, Fukushima T. Analysis of
hydroxyl radical-induced oxidation process of glucagon
by reversed-phase HPLC and ESI-MS/MS. Biomed
Chromatogr. 2009; 23:1051-1058.

Ichiba H, Nakamoto M, Yajima T, Takayama M,
Fukushima T. Analysis of oxidation process of
cholecystokinin octapeptide with reactive oxygen
species by high-performance liquid chromatography and
subsequent electrospray ionization mass spectrometry.
Biomed Chromatogr. 2010; 24:140-147.

Ichiba H, Nakamoto M, Yajima T, Fukushima T. In vitro
binding assay of *'methionine-oxidized cholecystokinin
octapeptide to the CCKj receptor. J Health Sci. 2009; 55:
636-640.

Hoepken HH, Gispert S, Morales B, Wingerter O, Del
Turco D, Miilsch A, Nussbaum RL, Miiller K, Drése
S, Brandt U, Deller T, Wirth B, Kudin AP, Kunz WS,
Auburger G. Mitochondrial dysfunction, peroxidation
damage and changes in glutathione metabolism in
PARKS6. Neurobiol Dis. 2007; 25:401-411.

Edwards AM, Ruiz M, Silva E, Lissi E. Lysozyme
modification by the Fenton reaction and y radiation. Free
Radic Res. 2002; 36:277-284.

Damianaki A, Bakogeorgou E, Kampa M, Notas G,
Hatzoglou A, Panagiotou S, Gemetzi C, Kouroumalis E,
Martin PM, Castanas E. Potent inhibitory action of red
wine polyphenols on human breast cancer cells. J Cell
Biochem. 2000; 78:429-441.

Kim YJ, Chung JE, Kurisawa M, Uyama H, Kobayashi

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

S. Superoxide Anion scavenging and xanthine oxidase
inhibition of (+)-catechin-aldehyde polycondensates.
Amplification of the antioxidant property of (+)-catechin
by polycondensation with aldehydes. Biomacromolecules.
2004; 5:547-552.

Tian B, Sun Z, Xu Z, Hua Y. Chemiluminescence
analysis of the prooxidant and antioxidant effects of
epigallocatechin-3-gallate. Asia Pac J Clin Nutr. 2007;
16(Suppl 1):153-157.

Duarte TL, Jones GD. Vitamin C modulation of H,0,-
induced damage and iron homeostasis in human cells.
Free Radic Biol Med. 2007; 43:1165-1175.

Bodannes RS, Chan PC. Ascorbic acid as a scavenger of
singlet oxygen. FEBS Lett. 1979; 105:195-196.
Nishikimi M. Oxidation of ascorbic acid with superoxide
anion generated by the xanthine-xanthine oxidase system.
Biochem Biophys Res Commun. 1975; 63:463-468.

Rice ME. Ascorbate regulation and its neuroprotective
role in the brain. Trends Neurosci. 2000; 23:209-216.
Neyens E, Baeyens J. A review of classic Fenton's
peroxidation as an advanced oxidation technique. J
Hazard Mater. 2003; 98:33-50.

Halliwell B, Whiteman M. Measuring reactive species
and oxidative damage in vivo and in cell culture: How
should you do it and what do the results mean? Br J
Pharmacol. 2004; 142:231-255.

Hazell LJ, Baernthaler G, Stocker R. Correlation
between intima-to-media ratio, apolipoprotein B-100,
myeloperoxidase, and hypochlorite-oxidized proteins
in human atherosclerosis. Free Radic Biol Med. 2001;
31:1254-1262.

Afsaneh S, Mohammad AK, Mohammad RH. Flow
injection chemiluminescence determination of sulfide
by oxidation with chlorinated isocyanurates. Anal Lett.
2002; 35: 2023-2037.

Setsukinai K, Urano Y, Kakinuma K, Hideyuki J, Majima
HJ, Nagano T. Development of novel fluorescence
probes that can reliably detect reactive oxygen species
and distinguish specific species. J Biol Chem. 2003;
278:3170-3175.

Nakamura K, Oba Y, Kishikawa N, Kuroda N.
Measurement of antioxidative activity against
hypochlorite ion by sequential injection analysis with
luminol chemiluminescence detection. Bunseki Kagaku.
2004; 53:925-930.

Wada M, Kido H, Ohyama K, Ichibangase T, Kishikawa
N, Ohba Y, Nakashima MN, Kuroda N, Nakashima
K. Chemiluminescent screening of quenching effects
of natural colorants against reactive oxygen species:
Evaluation of grape seed, monascus, gardenia and red
radish extracts as multi-functional food additives. Food
Chem. 2007; 101:980-986.

(Received January 6, 2012; Revised January 27, 2012;
Accepted January 28, 2012)

www.ddtjournal.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


