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Abstract Radix astragali (Huangqi in Chinese) is a well-

known traditional Chinese medicinal herb that has been

used clinically in China for centuries to cure various dis-

eases. To profile the antiviral constituents of this herb, a

high-performance liquid chromatography–diode array

detector–electrospray ionization–tandem mass spectrome-

try (HPLC–DAD–ESI–MS/MS) analytical method was

developed to separate and determinate the active part of the

extract of Radix astragali, which showed potent inhibition

of several viruses. By comparing their retention time and

MS data with those obtained from the authentic compounds

and the published data, a total of 18 compounds, com-

prising 11 flavonoids and 7 saponins, were identified. This

study provides an approach to rapidly characterize bioac-

tive constituents in traditional Chinese medicines (TCMs).

Keywords Radix astragali � Antiviral activity �
Flavonoid � Saponin � HPLC–DAD–ESI–MS/MS

Introduction

Traditional Chinese medicines (TCMs) have been widely

used for disease treatment and have made essential

contributions to growth and prosperity in China for cen-

turies; however, their remedial mechanisms are still not

well understood. Until now, it is widely accepted that

multiple ingredients are responsible for therapeutic effects

of TCMs. Thus, it is necessary to clarify and analyze the

bioactive constituents in TCMs to ensure their reliability in

clinical application, to better understand the pharmaco-

logical basis of their action, and, moreover, to enhance

product quality control [1].

Research in this field presents significant challenges due

to the complex chemical composition of TCMs. Therefore,

methods to identify the effective substances are in great

demand [2]. Recently, high-performance liquid chroma-

tography–mass spectrometry (HPLC–MSn) has proved to

be a modern, powerful tool for the identification of sub-

stances in TCM extracts [3–11]. This approach has an

advantage in terms of sensitivity and specificity.

Radix astragali, the dried root of Astragalus membra-

naceus (Fisch.) Bge. or Astragalus membranaceus var.

mongholicus (Bge.) Hsiao (family Leguminosae), known

as Huangqi in China, is one of the most popular herbal

medicines known worldwide to reinforce ‘‘Qi’’ (vital

energy). Radix astragali possesses many biological func-

tions, including hepatoprotective, antioxidative, antiviral,

antihypertensive, and immunostimulant properties [12].

The roots have been reported to contain triterpene sapo-

nins, isoflavonoids, and polysaccharides [13, 14].

In the present research, we describe a study on phyto-

chemical constituents of a bioactive fraction of Radix

astragali, which showed antiviral activity. Using the

developed HPLC–DAD–ESI–MS/MS technique, a total of

18 compounds, comprising 11 flavonoids and 7 saponins,

were identified in the fraction (Fig. 1), based on the com-

parison of their UV and MS data with those of authentic

compounds and published data. These results may help to

L. Tang (&) � Y. Liu � Y. Wang � C. Long

College of Life and Environmental Science,

Minzu University of China, No. 27 Zhongguancun South Street,

100081 Beijing, People’s Republic of China

e-mail: tangli1973@yahoo.com.cn

C. Long

Kunming Institute of Botany, Chinese Academy of Sciences,

650204 Kunming, People’s Republic of China

123

J Nat Med (2010) 64:182–186

DOI 10.1007/s11418-009-0381-1



gain a better understanding of the therapeutic basis of

Radix astragali and establish a better quality control

method for this age-old herbal medicine.

Materials and methods

Chemicals and reagents

Calycosin-7-O-b-D-glucopyranoside, calycosin, and for-

mononetin were isolated from Astragalus membranaceus

var. mongholicus (Bge.) Hsiao in our laboratory. The

structures were elucidated by 1H and 13C NMR (a Varian

Mercury-Vx BB instrument, Palo Alto, USA, operating at

300 MHz for 1H, 75 MHz for 13C). Purities were higher

than 95% checked by HPLC methods, and astragaloside IV

was purchased from the National Institute for the Control

of Pharmaceutical and Biological Products (Beijing, P. R.

China). HPLC-grade acetonitrile was purchased from

Merck Company (Darmstadt, Germany); ethanol and acetic

acid were analytical grade from Beijing Reagent Co. Ltd.

(Beijing, P. R. China). The D101 macroporous resin

(Tianjin Resin Factory, Tianjin, P. R. China). Water was

doubly distilled in the laboratory.

Material and sample preparation

The plant material of Astragalus membranaceus var.

mongholicus was purchased from Beijing Tongrentang

Traditional Chinese Medicine Co. Ltd. (Beijing, P. R.

China) in December 2007 and identified by one of the

authors (Prof. Chunlin Long) based on the morphological

characteristics of the plant. The plant was extracted by

refluxing with ethanol for 3 times (for 2 h each time). After

filtration and concentration, the dried extract was redis-

solved in water and separated on D101 porous resin col-

umns. After eluting with H2O and 30% EtOH, then

washing with 70% EtOH, the three fractions were con-

centrated by rotary vaporization under reduced pressure

and, together with the initial EtOH extract, were prepared

for the antiviral test.

HPLC–MS instrument and conditions

Analyses were performed on an Agilent 1100 Series LC/

MSD Trap system (Agilent Technologies, Palo Alto, CA,

USA), equipped with a vacuum degasser, a quaternary

pump, an autosampler, a thermostatted column compart-

ment, a diode array detector (DAD) and an ion-trap mass

spectrometer with electrospray ionization interface, con-

trolled by Agilent LC/MSD Trap Software. Zorbax

SB-C18 (150 mm 9 4.6 mm i.d., 5 lm) and a Zorbax

ODS-C18 guard column (12.5 mm 9 4.6 mm i.d., 5 lm)

were used for separation. Solvents for the mobile phase

were water–0.3% acetic acid (A) and acetonitrile (B). The

gradient elution was: 0–30 min, linear gradient 20–60% B;

30–35 min, linear gradient 60–20% B. The flow rate was

0.8 ml/min and the column was operated at 25�C. Peaks

were detected with the DAD and positive ion mode MS.

Mass spectrometry was carried out in the scan mode from

m/z 100 to 1500. To obtain the maximum signal for each

analyte, the MS conditions were optimized as follows:

drying gas N2, 8 l/min; capillary temperature, 325�C;

pressure of nebulizer, 30 psi; capillary voltage, 15 V; and

ion spray voltage, 3.5 kV. Samples for assay were dis-

solved in MeOH as 5 mg/ml solutions and centrifuged at

12000 rpm for 15 min to remove particles before injection.

Cell and virus

The Hep-2 cells were incubated in Dulbecco’s modified

Eagle medium (DMEM) (Gibco, USA) containing 2 mmol/

l glutamine, 100 U/ml penicillin and streptomycin, sup-

plemented with 10% fetal calf serum (FCS) (Sino-Ameri-

can Biotech Co.) and maintained at 37�C and 5% CO2 in a

humidified incubator.

Parainfluenza virus, respiratory syncytial virus, herpes

simplex virus-1, herpes simplex virus-2, adenovirus-3, and
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Fig. 1 Chemical structures of compounds identified from 70%F
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adenovirus-7 were generously provided by the Institute of

Traditional Chinese Medicine, China Academy of Tradi-

tional Chinese Medicine (Beijing, P. R. China). Viruses

were propagated in Hep-2 cell monolayers and stored at

-70�C in a freezer.

Measurement of antiviral activity in vitro

The tested fractions were dissolved in DMSO to a con-

centration of 10 mg/ml. The working solution was pre-

pared by twofold serial dilution (from 1/10 to 1/1280) with

MEM and added into four wells at 200 ll/well. The normal

cell was used as control. During 4 days’ culture, cytopathic

effects (CPE) in these cells were observed under a light

microscope every day. The concentrations of the drug

showing 50% cytotoxicity (CC50) were determined by

using the Reed–Muench method.

Hep-2 cells were grown to confluence, and then infected

by the virus at the titer of 100 9 CCID50 (cell culture

infectious dose 50%). Virus-containing media were

exchanged to fresh media following a 1.5-h-long virus

absorption period, and the tested fractions were added into

culture media at serial dilutions. Infected cells receiving no

drugs served as the virus control. When 100% CPE was

observed at 48–96 h postinfection in the cells of the virus

control, the drug concentration that achieved 50% inhibi-

tion to the observed CPEs was determined as IC50, and

calculated from three independent assays. The selectivity

index (SI), or the ratio of CC50 to IC50, was also calculated

to show the antiviral activity of the test fractions. Ribavirin

was used as positive control.

Results and discussion

Bioassays for antiviral activity

Antiparainfluenza virus activity test was measured using

the EtOH extract and fractions eluted from D101 column

chromatography using water, 30% EtOH, and 70% EtOH.

The IC50 values of these four parts were 20.7 ± 5.2,

135.2 ± 4.6, 48.4 ± 3.9, and 15.8 ± 1.2 lg/ml, respec-

tively. Accordingly, the SI of the four parts were 5.8 ± 0.6,

1.5 ± 0.4, 3.1 ± 0.3, and 8.5 ± 0.6, respectively. This

indicated that the 70% EtOH-eluted fraction from D101

column chromatography (70%F) is the most active part of

the herb drug. The successive antiviral activities of 70%F

are presented in Table 1. The results indicated that 70%F

showed a moderate activity against respiratory syncytical

virus, herpes simplex virus-1, and herpes simplex virus-2, a

significantly inhibitory activity to the adenovirus-3, ade-

novirus-7, and parainfluenza virus. These results suggested

that 70%F is the antiviral principle of the herb medicine.

HPLC–DAD–ESI–MS/MS analysis of 70%F

An HPLC–DAD–ESI–MS/MS method was developed to

determine the phytochemical constituents of 70%F. As

shown in Fig. 2a, 12 major peaks were separated under the

HPLC conditions with UV detection at 280 nm. The

chromatogram of MS total ion current (TIC) in positive

mode is shown in Fig. 2b. Not all compounds were

detected at 280 nm in the UV detector, e.g., due to a lack of

conjugated systems in the saponins in the extract; however,

in the TIC chromatogram, 19 major peaks were detected.

Compounds 1, 8, 11, and 13 were unequivocally deter-

mined to be calycosin-7-O-b-D-glucopyranoside, calycosin,

astragaloside IV, and formononetin, respectively, by

comparison with authentic compounds. Compound 2 was

believed to be an unidentified minor flavonoid due to its

low concentration in the extract and poor separation from

other compounds. The other compounds were identified

based on the UV adsorption, m/z value, MS/MS charac-

teristics, and retention time rule of each peak compared

with the published data.

Compounds 3 and 6 are a pair of isomers. Both of them

gave a [M ? H]? ion at m/z 463, and their MS2 spectra

yielded an ion at m/z 301, which suggested the presence of

Table 1 Antiviral activity of 70%F in Hep-2 cells

Virus 70%F Ribavirin

IC50 (lg/ml) SI IC50 (lg/ml) SI

Parainfluenza virus 14.1 ± 1.1 8.5 ± 0.6 77.3 ± 5.8 9.4 ± 0.7

Respiratory syncytial virus 57.1 ± 5.6 2.1 ± 0.2 113.7 ± 8.5 6.4 ± 0.4

Herpes simplex virus-1 41.4 ± 4.7 2.9 ± 0.3 143.3 ± 5.8 5.1 ± 0.2

Herpes simplex virus-2 42.8 ± 4.1 2.8 ± 0.3 128.3 ± 4.5 5.7 ± 0.2

Adenovirus-3 22.6 ± 0.8 5.3 ± 0.2 95.3 ± 10.5 7.7 ± 0.7

Adenovirus-7 15.7 ± 0.9 7.6 ± 0.5 85.7 ± 4.0 8.5 ± 0.4

SI selectivity index

n = 3
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a glucose losing 162 amu. The two compounds also had

UV absorptions with maxima at 280 nm, which was con-

sistent with the structure of pterocarpane. By examining

the known pterocarpane glucosides in Radix astragali,

only 9,10-dimethoxypterocarpane-3-O-b-D-glucopyrano-

side and 3,9-dimethoxypterocarpane-10-O-b-D-glucopy-

ranoside were found and are consistent with the above data.

According to the content difference and the retention time

in HPLC reported before [3–10], compounds 3 and 6 were

therefore tentatively identified as 3,9-dimethoxypter-

ocarpane-10-O-b-D-glucopyranoside and 9,10-dimethox-

ypterocarpane-3-O-b-D-glucopyranoside, respectively.

Compound 4 exhibited a [M ? H]? ion at m/z 489, i.e.,

42 amu greater than that of compound 1, and its MS/MS

spectrum showed a prominent ion at m/z 285, which was

the characteristic ion of calycosin. Additionally, 4, just like

compound 1, had UV absorptions with maxima at 260 and

290 nm. Based on these data, the structure of 4 was pro-

posed to be 600-O-acetylcalycosin-7-O-b-D-glucopyranoside

[5].

Compound 5 yielded a [M ? H]? ion at m/z 431, and its

MS/MS spectrum showed a prominent ion of [M ? H -

Glu]? at m/z 269, which was the characteristic ion of

formononetin. Additionally, 5, just like compound 13, had

UV absorptions with maxima at 250 and 301 nm. Based

on these data [3–10], the structure of 5 was identified as

ononin.

Compound 7 showed a [M ? NH4]? ion at m/z 482,

and its MS/MS spectrum showed a prominent ion of

[M ? H - Glu]? at m/z 303, which was the characteristic

ion of 7,20-dihydroxy-30,40-dimethoxyisoflavane; thus, in

agreement with the published data [3–10], the structure of

7 was identified as 20-hydroxy-30,40-dimethoxyisoflavane-

7-O-b-D-glucopyranoside.

Compound 9 exhibited a [M ? H]? ion at m/z 473, i.e.,

42 amu greater than that of compound 5, and its MS/MS

spectrum showed a prominent ion at m/z 269, which was

the characteristic ion of formononetin. Additionally, 9, just

like compound 5, had UV absorptions with maxima at 250

and 301 nm. Thus, compound 9 was identified as 600-O-

acetylononin [5].

Compound 10 gave a [M ? H]? ion at m/z 301 and had

UV absorptions with maxima at 280 nm, which corre-

sponded to the structure of pterocarpane. Thus, the structure

of 10 was identified as 3-hydroxy-9,10-dimethoxyptero-

carpane [3–10].

Compounds 12 and 14 are a pair of isomers. Both of them

gave a [M ? Na]? ion at m/z 849, and their MS/MS spectra

showed a prominent ion of [M ? Na - Glu - H2O]? at m/z

669, together with other ions of [M ? Na - CH3COOH]?

at m/z 789, [M ? Na - Glu - H2O - CH3COOH]? at m/z

609, and [M ? Na - Glu - H2O - acetylxyl]? at m/z

477. The fragmentations supported the presence of a xylose

moiety linked to an acetyl group and a glycose residue. By

examining the known saponins in the Radix astragali,

astragalosides II and isoastragalosides II were found and

were consistent with the above data; in agreement with the

content difference and the retention time in HPLC

reported before [5–11], compounds 12 and 14 were plausibly

identified as astragalosides II and isoastragalosides II,

respectively.

Compound 15 gave a [M ? H]? ion at m/z 303 and had

UV absorptions with maxima at 282 nm; in agreement with

the published literature [3–10], the structure of 15 was

identified as 7,20-dihydroxy-30,40-dimethoxyisoflavane.

Compound 16 gave a [M ? Na]? ion at m/z 645, and its

MS2 spectrum showed a prominent ion of [M ? Na -

Xyl]? at m/z 513. By examining the known saponins in the

Radix astragali, only astramembranin II was consistent with

the above data [5–7]. Thus, compounds 16 was identified as

astramembranin II.

Compounds 17 and 18 are a pair of isomers. Both of them

gave a [M ? Na]? ion at m/z 891, and their MS/MS spec-

trum showed a prominent ion of [M ? Na - Glu - H2O]?

at m/z 711, together with other ions of [M ? Na -

CH3COOH]? at m/z 831, [M ? Na - 2CH3COOH]? at m/z

771, [M ? Na - CH3COOH - Glu - H2O]? at m/z 651,

[M ? Na - 2CH3COOH - Glu - H2O]? at m/z 591, and

[M ? Na - Glu - H2O - 2acetylxyl]? at m/z 477; these

fragmentations supported the presence of a xylose moiety

linked to two acetyl groups and a glycose residue. By

examining the known saponins in the Radix astragali,

Fig. 2 HPLC–DAD–ESI–MS analysis of 70%F. a HPLC–UV chro-

matogram, monitored at 280 nm. b LC–positive ion ESI–MS total ion

current (TIC) profile
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astragalosides I and isoastragalosides I were found and were

consistent with the above data. According to the content

difference and the retention time in HPLC reported before

[5–11]. Compounds 17 and 18 were plausibly identified as

astragalosides I and isoastragalosides I, respectively.

Compound 19 gave a [M ? Na]? ion at m/z 933, its

MS/MS spectrum showed prominent ion of [M ? Na -

Glu - H2O]? at m/z 753. By examining the known

saponins in the Radix astragali, only acetylastragaloside I

was consistent with the above data [5–11]. Thus, com-

pound 19 was identified as acetylastragaloside I.

Discussion

Although quality control has often represented a barrier to

the development of plant drugs, a few strategies have been

put forward and some progress achieved. The present

HPLC–DAD–ESI–MS/MS analytical method was success-

fully used to separate and determinate various types

of compounds in the complex mixture. Among the identi-

fied compounds, calycosin-7-O-b-D-glucopyranoside and

astragaloside IV were reported to show the antiviral activity

[15, 16]. Our findings suggested that multiple bioactive

components were responsible for the antiviral activity of

Radix astragali and may help to clarify the remedial mech-

anisms and develop a reliable quality control method for this

herb drug. Moreover, we also showed that collective appli-

cation of bioassays and HPLC–DAD–ESI–MS/MS analysis

was an approach to rapidly characterize bioactive constitu-

ents of the plant drugs.

Acknowledgments This work was supported by Beijing Nova

Program (2008118), 985 Project (CUN 985-03-03) and 111Project

(B08044).

References

1. Liu L, Cheng YY, Zhang HJ (2004) Phytochemical analysis of

anti-atherogenic constituents of xue-fu-zhu-yu-tang using HPLC–

DAD-ESI–MS. Chem Pharm Bull 52:1295–1301

2. Ye G, Zhu HY, Li ZX, Ma CH, Fan MS, Sun ZL, Huang CG

(2007) LC–MS characterization of efficacy substances in serum

of experimental animals treated with Sophora flavescens extracts.

Biomed Chromatogr 21:655–660

3. Lin LZ, He XG, Lindenmaier M, Nolan G, Yang J (2000) Liquid

chromatography-electrospray ionization mass spectrometry study

of the flavonoids of the roots of Astragalus mongholicus and

membranaceus. J Chromatogr A 876:87–95

4. Xiao HB, Krucker M, Albert K, Liang XM (2004) Determination

and identification of isoflavonoids in Radix astragali by matrix

solid-phase dispersion extraction and high-performance liquid

chromatography with photodiode array and mass spectrometric

detection. J Chromatogr A 1032:117–124

5. Zhang X, Xiao HB, Xue XY, Sun YG, Liang XM (2007)

Simultaneous characterization of isoflavonoids and astragalosides

in two Astragalus species by high-performance liquid chroma-

tography coupled with atmospheric pressure chemical ionization

tandem mass spectrometry. J Sep Sci 30:2059–2069

6. Qi LW, Cao J, Li P, Yu QT, Wen XD, Wang YX, Li CY, Bao

KD, Ge XX, Cheng XL (2008) Qualitative and quantitative

analysis of Radix astragali products by fast high-performance

liquid chromatography-diode array detection coupled with time-

of-flight mass spectrometry through dynamic adjustment of

fragmentor voltage. J Chromatogr A 1203:27–35

7. Qi LW, Wen XD, Cao J, Li CY, Li P, Yi L, Wang YX, Cheng

XL, Ge XX (2008) Rapid and sensitive screening and charac-

terization of phenolic acids, phthalides, saponins and isoflavo-

noids in Danggui Buxue Tang by rapid resolution liquid

chromatography/diode-array detection coupled with time-of-

flight mass spectrometry. Rapid Commun Mass Spectrom

22:2493–2509

8. Liu R, Fu TJ, Ji YQ, Ding LS, Peng SL (2005) A study of the

roots of Astragalus mongholicus and Astragalus membuanaceus
by high performance liquid chromatography–mass spectrometry.

Chin J Anal Chem 33:1676–1680

9. Qi LW, Yu QT, Yi L, Ren MT, Wen XD, Wang YX, Li P (2008)

Simultaneous determination of 15 marker constituents in various

Radix astragli preparations by solid phase extraction and high

performance liquid chromatography. J Sep Sci 31:97–106

10. Huang X, Liu Y, Song FR, Liu ZQ, Liu SY (2009) Studies on

principal components and antioxidant activity of different Radix

astragali samples using high-performance liquid chromatography/

electrospray ionization multiple-stage tandem mass spectrometry.

Talanta 78:1090–1101

11. Zu YG, Yan MM, Fu YJ, Liu W, Zhang L, Gu CB, Efferth T

(2009) Determination and quantification of astragalosides in

Radix astragali and its medicinal products using LC–MS. J Sep

Sci 32:517–525

12. Rios JL, Waterman PG (1997) A review of the pharmacology and

toxicology of Astragalus. Phytother Res 11:411–418

13. Hirotani M, Zhou Y, Lui H, Furuya T (1994) Cycloartane tri-

terpene glycosides from the hairy root cultures of Astragalus
membranaceus. Phytochemistry 37:1403–1407

14. Subarnas A, Oshima Y, Hikino H (1991) Isoflavans and a

pterocarpan from Astragalus mongholicus. Phytochemistry

30:2777–2780

15. Zhu HY, Zhang YY, Ye G, Li ZX, Zhou P, Huang CG (2009) In

vivo and in vitro antiviral activities of calycosin-7-O-b-D-gluco-

pyranoside against Coxsackie virus B3. Biol Pharm Bull 32:68–73

16. Huang CG, Zhang YY, Zhu HY, Zhang ZQ, Wang XL (2003)

Astragaloside IV used for the treatment of viral myocarditis.

Patent CN1502336

186 J Nat Med (2010) 64:182–186

123


	Phytochemical analysis of an antiviral fraction of Radix  astragali using HPLC--DAD--ESI--MS/MS
	Abstract
	Introduction
	Materials and methods
	Chemicals and reagents
	Material and sample preparation
	HPLC--MS instrument and conditions
	Cell and virus
	Measurement of antiviral activity in vitro

	Results and discussion
	Bioassays for antiviral activity
	HPLC--DAD--ESI--MS/MS analysis of 70%F

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


