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Analysis of Flavonoid Contents in the Fruits of Acanthopanax Species using HPLC
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Abstract — Analysis of flavonoid contents in the fruits of Acanthopanax species (A. chiisanensis, A. divaricatus,
A. koreanum, A. senticosus, and A. sessiliflorus) was conducted by high performance liquid chromatography. A
Discovery® C18 (4.6 x 250 mm, 5 um) column was used with a gradient mobile phase of water and acetonitrile
(90:10 to 60:40 for 60 min) and UV detection was conducted at 350 nm. The contents of rutin, hyperin,
quercetin, afzelin, and kaempferol were 0.063~0.540, 0.494~7.480, 0.584~0.704, 0.388~0.567, 0.190~0.471 mg/g,
respectively, in the fruits of Acanthopanax species. Total content of flavonoids in the fruits of Acanthopanax
species was highest in those of A. chiisanensis. Furthermore, hyperin was the most abundant compound in the
fruits of Acanthopanax species. Consequently, our results demonstrate that the fruits of Acanthopanax species
containing flavonoids have promising potential as a new income source of agriculture and industry in medicinal

natural products, health supplements, and beverages.
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Introduction

Acanthopanax species are perennial herbaceous genus
of the family Araliaceae that are widely distributed in
East-Asia, such as Korea, China, Russia, and Japan (Boon
and Smith, 1999). Most of Acanthopanax species grows
to 2~4 m in height, bears five leaflets, the flowering is
from July to September, and the fruit ripening in October
(Lee, 2003). The dried roots and stem barks of
Acanthopanax species have been used for a long time as a
sedative and tonic to treat rheumatism and hepatitis, liver
disease and diabetes, chronic bronchitis, stress, ischemic
heart disease, tumor, hypertension, and gastric ulcers
(Fujikawa et al., 1996; Kang et al., 2005; Ni and Liu,
2006).

Until now, the study of Acanthopanax species has been
focused on stems, roots, and leaves. There are only a few
studies on the fruit of Acanthopanax species. Most of the
fruit of Acanthopanax species is round and be used on
health supplements, and beverages in Korea (Lee, 2003;
Kim et al., 2006). Also, the biological activities of
Acanthopanax fruits are antitumor, immunostimulating
(Lee et al., 2003), antioxidant, and antimicrobial (Kim et
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al., 2006). The phytochemicals of fruits from Acanthopanax
species are composed of sterols (B-sitosterol and
stigmasterol), a nitrogen compound (sessiline), lignins
(sesamin, savinin, eleutherosides B and E), a coumarin
(scoparone), terpenoids (ursolic acid, chiisanoside, and
methyl betulin), a phenolic compound (protocatechuic
acid), a flavonoid (hyperin) (Kim and Lee, 1990; Yook et
al., 1992; Lee et al., 2002; Lee et al., 2002). The
quantitative analysis of phytochemicals in fruits from
Acanthopanax species are eleutherosides B and E in A.
sessiliflorus (Kim et al., 2006), chiisanoside and hyperin
in Acanthopanax species (Lee et al., 2007; Lee et al.,
2010).

Among various phytochemical constituents in Acantho-
panax species, flavonoids such as afzelin, antoside,
isoquercitrin, hyperin, kaempferol, quercitrin, and rutin
have previously been isolated from Acanthopanax species
(Yasue et al., 1968; Kitajima et al., 1989; Chung and
Hahn, 1991; Shirasuna et al., 1997; Lee et al., 2002).
Flavonoids have been used as natural antioxidants and for
their health-promoting properties in humans (Bekker et
al., 2006). Flavonoids having various biological activities
are important compounds in Acanthopanax species. Until
now, many studies have reported on the analysis of
triterpenoids, lignans, and phenylpropanoids constituents
of Acanthopanax species (Shin and Lee, 2002; An et al.,
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2008; Lee et al., 2011; Kim et al., 2012), but there are
few reports on flavonoid analysis in Acanthopanax species.
In this study, analysis of flavonoids (rutin, hyperin,
quercetin, afzelin, and kaempferol) in the fruits of
Acanthopanax  species was conducted using high
performance liquid chromatography (HPLC).

Experimental

Plant materials — The fruits of Acanthopanax species
(A. chiisanensis, A. divaricatus, A. koreanum, A. senticosus,
and A. sessiliflorus) were cultivated and collected at
Gongju, Korea, and botanically identified by Prof. S. H.
Cho, Gongju National University of Education, Korea.

Apparatus and chemicals — Mass spectrometry (MS)
was performed using a Jeol JMS-600W (Tokyo, Japan)
mass spectrometer. 'H- and '*C-nuclear magnetic resonance
(NMR) spectra were recorded with a Bruker Avance 300,
400, and 500 NMR (Rheinstetten, Germany) spectrometer
using tetramethylsilane (TMS) as an internal standard.
Evaporation was conducted using an Eyela rotary
evaporator system (Tokyo, Japan) under reflux in vacuo.
TLC was performed with precoated silica gel 60 Fjs,
plates (Art. 5715, Merck Co., Darmstédt, Germany). The
compounds on the TLC plate were visualized by spraying
with 10% sulfuric acid in methanol followed by heating at
100°C to detect spot color. HPLC chromatograms were
recorded with a Waters Breeze system (Massachusetts,
USA) equipped with a Waters 1525 binary HPLC pump
and 2489 system UV/VIS detector. Water and acetonitrile
used in this research were of HPLC grade, and all other
reagents were of analytical grade.

Preparation of flavonoids — Compounds 1-5 were
isolated from Fagopyrum tataricum, Acanthopanax
chiisanensis, Vaccinium koreanum, and Rhododendron
mucronulatum for. albiflorum by repeated column
chromatography as reported previously by our team.
Compound 1 (rutin) was isolated from the ethyl acetate
fraction of F. tataricum (Mok et al., 2011). Compound 2
(hyperin) was isolated from the ethyl acetate fraction of 4.
chiisanensis (Lee et al., 2008). Compound 3 (quercetin)
was isolated from the butanol fraction of V. koreanum
(Lee et al., 2008). Compounds 4 and 5 (afzelin and
kaempferol, respectively) were isolated from the ethyl
acetate fraction of R. mucronulatum for. albiflorum (Mok
and Lee, 2013).

Sample preparation — For analysis of flavonoids
(rutin, hyperin, quercetin, afzelin, and kaempferol) in the
fruits of Acanthopanax species (A. chiisanensis, A.
divaricatus, A. koreanum, A. senticosus, and A.
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sessiliflorus), each 50 g of fruits from Acanthopanax
species was extracted with 50% MeOH (3 x 100 mL) by
reflux and evaporated in vacuo. The residue was
dissolved in 1 mL of MeOH and filtered with a 0.45 pm
filter. The resulting solution was used for HPLC analysis.

HPLC conditions — HPLC separation of flavonoids for
qualitative and quantitative analysis was performed using
a reverse phase system. A Discovery® C18 (4.6 x 250
mm, 5pm) column was used with a mobile phase
consisting of water (0.1% acetic acid) and acetonitrile.
The elution program was a gradient solvent system of
water and acetonitrile (90 : 10 to 60 : 40 for 60 min). UV
detection was conducted at 350 nm. The injection volume
was 10 pL and the flow rate was 1 mL/min. All injections
were performed in triplicate.

Calibration curve — A stock solution (1 mg/mL) of
each flavonoid was prepared in MeOH, successively
reducing the solution content to 50% to create different
concentrations. The contents of the analytes were
determined from the corresponding calibration curves.
The calibration functions of the flavonoids were
calculated using the peak area (Y), concentration (X, pg/
10 uL), and mean values (n = 5) + standard deviation.

Fig. 1. Chemical structures of compounds 1 - 5.
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Table 1. Calibration curves for compounds 1 - 5
Compound R Calibration equation ¢ Correlation factor, 7°°

1 20.3 Y =398,291.7345X + 1,500.1193 0.9999

2 20.9 Y =6,586.1167X — 12,154.2627 0.9999

3 30.5 Y =4,696.8372X — 13,277.3222 0.9999

4 37.2 Y =18,089.3016X — 33,399.1890 0.9999

5 45.6 Y =72,658.2176X —5,993.2176 0.9999
“Y = peak area, X = concentration of standard (pg/ml).
b 2 = correlation coefficient for three data points in the calibration curve (n = 5).
Table 2. Contents of compounds 1-5 in the MeOH extracts of the fruits of Acanthopanax species

Content (mg/g)
Sample
1 2 3 4 5 Total
A. chiisanensis 0.224+0.011 7.480+0.277 0.615 + 0.003 0.567 = 0.009 0.190 + 0.002 9.076 + 0.294
A. divaricatus 0.105 +0.007 4414 + 0.066 0.704 + 0.009 0.474 +0.002 0.288 £ 0.002 5.986 + 0.053
A. koreanum 0.540 £ 0.008 0.774 £ 0.020 trace 0.389 £ 0.001 0.471+0.014 2.175+0.015
A. senticosus 0.063 + 0.002 0.494 + 0.003 0.587 + 0.001 trace 0.212 +0.002 1.355+0.007
A. sessiliflorus 0.326 +£0.011 3.209 £0.011 0.584 +0.001 0.388 = 0.000 0.338 £ 0.005 4.845 +0.025
Total 1.259 + 0.002 16.370 + 0.254 2.490 + 0.006 2.188+0.010 1.499 + 0.017

Data are represented as the mean + S.D. (n = 4) in mg/g of the dried extract samples.

Results and Disscusion

Simultaneous determination of flavonoids in the fruits
of Acanthopanax species was conducted by HPLC.
Compounds 1-5 (Fig. 1) were previously isolated from 4.
chiisanensis, A. divaricatus, A. koreanum, and A.
sciadophylloides (Kitajima et al., 1989; Chung and Hahn,
1991; Shirasuna et al., 1997; Lee et al., 2008). Rutin (1)
has been reported to have antidiabetic, antioxidative, and
antihypertensive activities (Lee et al., 2000; Alsaif, 2009;
Rie et al., 2010). In addition, there are many reports on
antiapoptotic effects, anti-inflammatory, and anticancer
(Middleton et al., 2000; Zhang et al., 2010; Kim et al.,
2011) of hyperin (2); antiviral, antihypertensive, and
neuroprotective activities (Johari et al., 2012; Rogovski et
al., 2012) of quercetin (3); antimicrobial and antioxidant
activities (Tatsimo et al., 2012) of afzelin (4); and
antimicrobial, and antidiabetic effetcs (Zang ef al., 2011;
Jindal and Kumar, 2012) of kaempferol (5).

The HPLC separation of flavonoids for qualitative and
quantitative analysis was conducted using a reverse phase
system with a mobile phase consisting of water and
acetonitrile (90:10 to 60:40 for 60 min). Standard
calibration curves for compounds 1 - 5 are shown in Table 1.
Using an optimized analytical method, flavonoids in
the fruits of Acanthopanax species were successfully

determined simultaneously. The contents of rutin (1),
hyperin (2), quercetin (3), afzelin (4), and kaempferol (5)
were detected in the fruits of A. chiisanensis (0.224,
7.480, 0.615, 0.567, and 0.190 mg/g, respectively), A.
divaricatus (0.105, 4.414, 0.704, 0.474, and 0.288 mg/g,
respectively), 4. koreanum (0.540, 0.774, trace, 0.389, and
0.471 mg/g, respectively), A. senticosus (0.063, 0.494,
0.587, trace, and 0.212mg/g, respectively), and A.
sessiliflorus (0.326, 3.209, 0.584, 0.388, and 0.338 mg/g,
respectively). Also, the total content of flavonoids was
detected in the fruits of A. chiisanensis (9.076 mg/g), A.
divaricatus (5.986 mg/g), A. koreanum (2.175 mg/g), A.
senticosus (1.355 mg/g), and A. sessiliflorus (4.845 mg/g),
respectively. In our results, the most abundant flavonoid
in the stems was hyperin (16.370 mg/g), and the total
content of flavonoids was highest in A. chiisanensis
(9.076 mg/g) (Table 2). In particular, the total content of
flavonoids in 4. chiisanensis was 7 times than that of 4.
senticosus. The content of hyperin was similar to the
previous our study. The content of hyperin from
Acanthopanax species fruits was detected the highest in
the 4. chiisanensis and the least in the A. senticosus (Lee
et al., 2010).

Consequently, our results demonstrate that the fruits of
Acanthopanax species containing flavonoids have promising
potential as a new income source of agriculture and
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industry in medicinal natural products, health supplements,
and beverages in Korea.

Acknowledgement

We thank the National Center for Inter-University
Research Facilities (Seoul National University, Republic
of Korea) for the NMR and MS measurements.

References

Alsaif, M.A., Beneficial effects of rutin and vitamin C coadministration in
a streptozotocin-induced diabetes rat model of kidney nephrotoxicity.
Pak. J. Nutr., 8, 745-754 (2009).

An, Q., Yang, C.J., Song, Y., Yu, K., Xiong, Z.L., and Li, F.M., Studies on
the chemical constituents of the fruit of Acanthopanax sessiliflorus
(Rupr. et Maxim.) Seem. Nat. Prod. Res. Dev., 20, 765-769 (2008).

Bekker, M., Bekker, R., and Brandt, V.E., Two flavonoid glycosides and a
miscellaneous flavan from the bark of Guibourtia coleosperma.
Phytochemistry, 67, 818-823 (2006).

Boon, H. and Smith, M., The botanical pharmacy. Quarry Press,
Kingston., p. 194 (1999).

Chung, J.Y. and Hanh, D.R., Constituents of Acanthopanax koreanum
leaves. Yakhak Hoeji, 35, 240-244 (1991).

Fyjikawa, T., Yamaguchi, A., Morita, 1., Takeda, H., and Nishibe, S.,
Protective effects of Acanthopanax senticosus Harms from Hokkaido
and its components on gastric ulcer in restrained cold water stressed
rats. Biol. Pharm. Bull., 19, 1227-1230 (1996).

Jindal, A. and Kumar, P., Antimicrobial flavonoids from Tridax
procumbens. Nat. Prod. Res., 26, 2072-2077 (2012).

Johari, J., Kianmehr, A., Mustafa, M.R., Abubakar, S., and Zandi, K.,
Antiviral activity of baicalein and quercetin against the Japanese
encephalitis virus. Int. J. Mol. Sci., 13, 16785-16795 (2012).

Kang, J.Y., Jeong, Y.H., Lim, E.H., Lee, E.J., Chu, H.M., Jeong, S.J., Bae,
K.H., Kim, Y.H., and Kang, J.S., Analysis of acanthoic acid and
isomers in Acanthopanax species by gas chromatography. J. Pharm.
Sci., 20, 41-46 (2005).

Kim, C.W. and Lee, H.Y., Studies on the constituents of seeds of
Acanthopanax senticosus for. inermis Harms. Kor. J. Pharmacogn.,
21, 235-238 (1990).

Kim, HM., Kim, J.S., Cho, S.H., Kang, S.S., Choei, D.S., and Lee, S.,
Analysis of lignans in Acanthopanax sessiliflorus fruits and their
fermented wine by HPLC. Korean J. Medicinal Crop Sci., 14, 289-
292 (2006).

Kim, H.Y., Lee, D.G, Lee, K.H., and Lee, S., Protective effects of 3,4-
seco-lupane type triterpenes from Acanthopanax senticosus against
advanced glycation endproducts. Hort. Environ. Biotechnol., 53, 242-
246 (2012).

Kim, MK, Jin, Y.S., Heo, S.I., Shim, T.H., Sa, J.H., and Wang, M.H.,
Studies for component analysis and antioxidant effect, antimicrobial
activity in Acanthopanax senticosus Harms. Kor. J. Pharmacogn., 37,
151-156 (2006).

Kim, S.J., Um, JY., and Lee, J.Y.,, Anti-inflammatory activity of
hyperoside through the suppression of nuclear factor-kB activation in
mouse peritoneal macrophages. Am. J. Chin. Med., 39, 171-181
(2011).

Kitajima, J., Takamori, Y., and Tanaka, Y., Studies on the constituents of
Acanthopanax sciadophylloides Fr. et Sav. leaves. Yakugaku Zasshi,
109, 188-191 (1989).

Lee, EJ., Jang, Y.S., and Paek, K.Y., Effect of methyl jasmonate (MJ) on

Natural Product Sciences

production of biomass and bioactive compounds in bioreactor cultures
of Acanthopanax koreanum adventitious roots. Kor J. Hort. Sci.
Technol., 29, 189-190 (2011).

Lee, J.M.,, Kim, HM., and Lee, S., Quantitative analysis of chiisanoside
in Acanthopanax species by HPLC. Nat. Prod. Sci., 13, 148-151
(2007).

Lee, JM., Kim, HM,, Lee, S., Han, S., Cho, S.H., and Lee, S.,
Determination of hyperin in the fruits of Acanthopanax species by
high performance liquid chromatography. Nat. Prod. Sci., 16, 39-42
(2010).

Lee, J.S., Park, S.J., Sung, K.S., Han, CK., Lee, M.H., Jung, C.W., and
Kwon, T.B., Effects of germinated-buckwheat on blood pressure,
plasma glucose and lipid levels of spontaneously hypertensive rats.
Kor. J. Food Sci. Technol., 32, 206-211 (2000).

Lee, S., Ji, J., Shin, K.H., and Kim, B.K., Sessiline, a new nitrogenous
compound from the fruits of Acanthopanax sessiliflorus. Planta Med.,
68, 939-941 (2002).

Lee, S., Kim, B.K., Cho, S.H., and Shin, K.H., Phytochemical
constituents from the fruits of Acanthopanax sessiliflorus. Arch.
Pharm. Res., 25, 280-284 (2002).

Lee, S., Lee, Y.S., Jung, S.H., Ji, J., Shin, K.H., Kim, B.K., and Kang,
S.S., Antitumor and immunostimulating activities of Acanthopanax
sessiliflorus fruits. Nat. Prod. Sci., 9, 112-116 (2003).

Lee, S., Park, H.S., Notsu, Y., Ban, H.S., Kim, Y.P., Ishihara, K.,
Hirasawa, N., Jung, S.H., Lee, Y.S., Lim, S.S., Park, E.H., Shin, K.H.,
Seyama, T., Hong, J., and Ohuchi, K., Effects of hyperin, isoquercitrin
and quercetin on lipopolysaccharide-induced nitrite production in rat
peritoneal macrophages. Phytother. Res., 22, 1552-1556 (2008).

Lee, T.B., Coloured flora of Korea.Hyang Mun Sa, Seoul., p. 811-814
(2003).

Middleton, E. Jr., Kandaswami, C., and Theoharides, T.C., The effects of
plant flavonoids on mammalian cells: implications for inflammation,
heart disease, and cancer. Pharmacol. Rev., 52, 673-751 (2000).

Mok, S.Y., Lee, J.M., Kim, HM., Lee, D.G,, Yoon, Y.H., Cho, E.J., and
Lee, S., Inhibition of aldose reductase on rat lens by tartary
buckwheat. Nat. Prod. Sci., 17, 230-233 (2011).

Mok, S.Y. and Lee, S., Identification of flavonoids and flavonoid
rhamnosides from Rhododendron mucronulatum for. albiflorum and
their inhibitory activities against aldose reductase. Food Chem., 136,
969-974 (2013).

Ni, N. and Liu, X.Q., Advances in studies on plants of Acanthopanax
Miq. in Araliaceae. Chin. Tradit. & Herb Drugs, 37, 1895-1899
(2006).

Rie, A., Kazuki, H., Toshimichi, M., Takahiro, N., and Keiko, N.,
Antioxidative activity of the buckwheat polyphenol rutin in
combination with ovalbumin. Mol. Med. Report., 3, 121-125 (2010).

Rogovski, V.S., Shimanovski, N.L., and Matiushin, A.IL., Antihypertensive
and neuroprotective activity of quercetin and its derivatives. Eksp.
Klin Farmakol., 75, 37-41 (2012).

Shin, K.H. and Lee, S., The chemistry of secondary products from
Acanthopanax species and their pharmacological activities. Nat. Prod.
Sci., 8, 111-126 (2002).

Shirasuna, K., Miyakoshi, M., Mimoto, S., Isoda, S., Satoh, Y., Hirai, Y.,
Ida, Y., and Shoji, J., Lupane triterpenoid glycosyl esters from leaves
of Acanthopanax divaricatus. Phytochemistry, 45, 579-584 (1997).

Tatsimo, S.J., Tamokou, J.D., Havyarimana, L., Csupor, D., Forqo, P.,
Hohmann, J., Kuiate, J.R., and Tane, P., Antimicrobial and antioxidant
activity of kaempferol rhamnoside derivatives from Bryophyllum
pinnatum. BMC Res., S, 158-163 (2012).

Yasue, M., Kato, Y., Lin, Y.M., and Sakakibara, J., Studies on the
constituents of Acanthopanax sciadophylloides Franch. et Sav..
Isolation of cyclitols and flavonoid glycosides. Structure of antoside.
Yakugaku Zasshi, 88, 738-741 (1968).



Vol. 19, No. 1, 2013 19

Yook, C.S., Shin, E.T., and Kim, C.J., Studies on the chemical and Zhao, M.G,, Anti-apoptotic effects of hyperoside via inhibition of
constituents of Acanthopanax fruits. Bull. K.H. Pharm. Sci., 20, 63-73 NR2B-containing NMDA receptors. Pharmacol. Rep., 62, 949-955
(1992). (2010).

Zang, Y., Sato, H., and Igarashi, K., Anti-diabetic effects of a kaempferol
glycoside-rich fraction from unripe soybean (Edamame, Glycine max Received December 23, 2012
L. Merrill. ‘Jindai’) leaves on KK-A' mice. Biosci. Biotechnol. Revised January 15, 2013
Biochem., 75, 1677-1684 (2011). Accepted February 22, 2013

Zhang, XN, Li, JM., Yang, Q., Feng, B., Liu, S.B., Xu, Z.H., Guo, Y.Y,,




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


