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Mutagenic activities of ten imidazole derivatives
in Salmonella typhimurium
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Abstract: Ten imidazole derivatives were tested for mutagenicity in Salmonella typhimurium strains TA98 and TA100 both
in the absence and presence of metabolic activation by the microsomal fraction S9 mix. In a general manner, derivatives
tested exhibited a greater mutagenic activity in the TA100 strain comparing to the responses in TA 98. In the standard
plate incorporation assay, 8 of these substances (80%) were found to be mutagenic for at least one of the two strains in the
presence or absence of metabolic activation. Two compounds showed positive results in TA98 and 6 compounds were also
mutagenic in TA100 without S9. In the presence of S9 mix, all of the 10 substances were non-mutagenic in TA98, whereas 4
compounds were positive in TA100. The results suggested the mutagenic potentials of the imidazole derivatives particularly
inducing the reversion of base-pair substitutions. According to the structure-activity relationships phenyl groups in position
2 with different substituents can confer the mutagenic activity of the tested compounds. Methyl groups in different positions
of these phenyl substituents can cause different types of mutations. This mutagenic effect is observed more clearly when

the phenyl group is inhibited with a nitro group.
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Abbreviations: AZS, sodium azide; 8-NADP, S-nicotinamide adenine dinucleotide phosphate; DMSO, dimethylsulfoxide;

NPD, 4-nitro-o-phenylenediamine.

Introduction

Heterocyclic compounds containing nitrogen are impor-
tant in many biological systems. Imidazole nucleus con-
stitutes the basic structure of some endogenous sub-
stances. Imidazole derivatives have been introduced
into the structure of many drug molecules used in the
medicine and veterinary, particularly due to their an-
tifungal, antiinflammatory, analgesic, and antiallergic
activities (Hrelia et al. 1998; Meri¢ & Isikdag 2000).

Research and development of imidazole derivatives
has increasingly expanded in the last decades. Although
imidazole and its principal metabolites like hydantoin,
hydantoic acid, N-acetyl-imidazole and histamine were
reported as non-mutagenic biological agents, relatively
few of the synthetic imidazole derivatives with different
substituents are available with acceptable low toxicity
(Forster et al. 1992; Hrelia et al. 1998). This concerns
especially nitroimidazoles, a group that suffers from the
property of being mutagenic and carcinogenic in a va-
riety of experimental models (Voogd et al. 1979).

The aim of the present study was to investigate the
mutagenic activities of some substituted imidazole com-
pounds synthesized by Isikdag & Merig (1998). There
are no reports available on the mutagenicity of the ten
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imidazole derivatives tested in the present study. For
this reason, the Salmonella mutagenicity assay accord-
ing to Maron & Ames (1983) was applied. The contin-
uing popularity of the Salmonella mutagenicity assay
depends on the ability of prescreening a large number
of chemicals for the identification of genotoxic hazards
and the elucidation of the biochemical mechanisms of
mutagenesis (Mamber et al. 1993; Josephy et al. 1997).
In addition, the test is used for its high sensitivity and
recognized validity (Kaplan et al. 2004). In the present
study, the compounds were tested on Salmonella ty-
phimurium strains TA98 and TA100 using the standard
plate incorporation procedure in the presence and ab-
sence of metabolic activation.

Material and methods

Chemicals

The chemicals were purchased from the following manufac-
turers: nutrient broth, bacto agar (Oxoid), ampicillin tri-
hydrate, S-nicotinamide adenine dinucleotide phosphate (8-
NADP), 3-methylcholantren, crystal violet, sodium chloride
(Sigma), dimethylsulfoxide (DMSO), 4-nitro-o-phenylene-
diamine (NPD) (Aldrich), sodium azide (AZS), magne-
sium chloride, potassium chloride, potassium phosphate,
citric acid monohydrate, sodium ammonium phosphate,
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Fig. 1. Structural formula of 10 imidazole derivatives.

sodium dihydrogen phosphate, disodium hydrogen phos-
phate (Merck).

Test materials and sample preparation

Ten imidazole derivatives were kindly provided by Prof.
Dr L. Isikdag (Faculty of Pharmacy, Anadolu University,
Eskigehir, Turkey).

These compounds were synthesized and structure elu-
cidations of the compounds were achieved using spectral
data and elemental analyses results at the Faculty of Phar-
macy, Anadolu University (Isikdag & Meri¢ 1999). Chemical
structures of the compounds are shown in Figure 1.
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Imidazole derivatives were dissolved in DMSO and
tested at five increasing doses of concentrations (0.0001,
0.001, 0.01, 0.1, 1 mg/plate). The doses of test materials
used in the mutation assays were selected in the cytotox-
icity assay. One hundred uL of a suitable dilution of an
overnight bacterial culture and the test compounds at dif-
ferent concentrations were added to 2 mL top agar. The top
agar was then poured onto nutrient agar plates. After 24 h

incubation at 37 °C cytotoxicity assessment was made (Dean
et al. 1984).



Table 1. The results of the solvent controls and positive con-
trols in Salmonella mutagenicity test with or without metabolic
activation.?

Revertants/plate
Chemicals (ug/plate)
-S89 +S9

DMSO 23 £ 3.9% 30 £ 3.1%*

123 + 22.4%* 136 £+ 7.0%*
4-NPD (20) 1223 £ 74.2%
AZS (1.5) 586 4 51.4%*
2-AF (10) 714 + 16.4*

692 + 41.8%*

2 —S§9: without metabolic activation; +S9: with metabolic activa-
tion; DMSO: dimethylsulfoxide (solvent control); 4-NPD: 4-nitro-
o-phenylene diamine; AZS: sodium azide; 2-AF: 2 aminoflourene
(positive controls); *: use of TA 98; **: use of TA 100.

Tester strains

Salmonella typhimurium TA98 and TA100 strains were
kindly provided by Dr. Bruce Ames (Biochemistry Depart-
ment, University of California, Berkeley, CA, USA).

Preparation of the liver homogenate S9 fraction
Sprague-Dawley male rats were injected intraperitionally
with 3-methylcholanthrene, diluted in corn oil (80 mg/kg
body weight) five days before they were sacrificed. The
preparation of S9 fraction is based on the procedure of Gar-
ner et al. (1972). All steps of the procedure were carried out
at 0-4°C using cold, sterile solutions and glassware. The S9
mix consisted of 8 mM MgClz, 33 mM KCI, 5 mM glucose-
6-phosphate, 4 mM (-NADP, 100 mM sodium phosphate
(pH 7.4) and S9 in a concentration of 0.04 mL per mL of
the mix. In all experiments with metabolic activation, 0.5
mL of this mix was added to the plates.

Mutagenicity tests

The Salmonella mutagenicity assays were carried out ac-
cording to the standard plate incorporation procedure de-
scribed by Maron & Ames (1983). The S. typhimurium
strains used were TA98 for detecting the frameshift muta-
gens and TA100 for detecting base-pair substitution muta-
gens. The strains were checked routinely for histidine re-
quirement, crystal-violet sensitivity, ampicillin resistance,
ultraviolet-light sensitivity and spontaneous reversion rate.

Treatments without S9 were conducted by adding 0.1
mL of a fresh overnight culture of the tested strain (approx-
imately 1 x 10° bacteria/mL) and the sample to be tested
to 2 mL of molten top agar. These reagents were mixed
and poured on the surface of a plate containing 30 mL of
minimal glucose agar. Treatments with metabolic activa-
tion were conducted by adding 0.5 mL of the S9 mix. Plates
were incubated at 37°C for 48 h in the dark and revertants
to histidine independence were evaluated.

Solvent control (DMSO) and positive controls (1.5
ug/plate AZS for TA100 and 20 pg/plate NPD for TA98
in the absence of metabolic activation, 10 ug/plate 2-AF
for both of the two strains in the presence of metabolic ac-
tivation) were included in each assay and the results are
given in Table 1. All plates were set up in triplicate; all
experiments were reproduced at least twice.

Statistical analysis
A test sample was classified as mutagenic if it produced a
dose-response curve and if it gave a significant response in
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Fig. 2. Dose-response (0.0001, 0.001, 0.01, 0.1, 1 mg/plate) curves
of the revertants induced by 1-ethyl-4,5-diphenyl-1H-imidazole [1]
and 1-ethyl-4,5-di-(p-tolyl)-1H-imidazole [2] in the absence (a)
and in the presence (b) of metabolic activation. The results are
the mean of six plates from two separate experiments. Solvent
control values have been subtracted. Result of each concentration
was compared with the solvent control by Student-t test. * P <
0.05. W TA 98, A TA100.

at least one concentration more than the control incidence
(Sarrif et al. 1997; Hrelia et al. 1998; Suter et al. 2002).
Student-t test was used for the comparisons with solvent
control. The results were considered to be statistically sig-
nificant at P < 0.05. Significantly decreased number of re-
vertants compared to solvent control was considered as the
proof of toxicity (Maron & Ames 1983).

Results and discussion

The mutagenicity of the ten imidazole derivatives deter-
mined from the individual dose-response curves (Figs 2—
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Fig. 3. Dose-response (0.0001, 0.001, 0.01, 0.1, 1 mg/plate) curves
of the revertants induced by 1-ethyl-2-methyl-4,5-di-(p-tolyl)-
1H-imidazole [3] and 1-ethyl-2-(m-methoxyphenyl)-4,5-diphenyl-
1H-imidazole [4] in the absence (a) and in the presence (b) of
metabolic activation. For the rest of the details, see the legend
to Figure 2.

6) is presented in Table 2. In a general manner, the ten
imidazole derivatives and their metabolic byproducts
tested were found weakly mutagenic and strongly toxic.
We also obtained the non-linear dose-response curves.
The presence of different substituents resulted in vari-
ations in the mutagenicity of the imidazole derivatives.

In their study which constitutes the basic prin-
ciples of the Salmonella mutagenicity assay, Maron
& Ames (1983) occasionally obtained non-linear dose-
response curves. When a test compound is weakly mu-
tagenic and strongly toxic, it may be difficult to find a
range of concentrations in which the mutagenic poten-
tial is not masked by toxicity. In the present study, a
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Fig. 4. Dose-response (0.0001, 0.001, 0.01, 0.1, 1 mg/plate) curves
of the revertants induced by 1-ethyl-2-(p-hydroxyphenyl)-4,5-
diphenyl-1H-imidazole [5] and 1-ethyl-2-(m-methylphenyl)-4,5-
diphenyl-1H-imidazole [6] in the absence (a) and in the presence
(b) of metabolic activation. For the rest of the details, see the
legend to Figure 2.

dose-related increase in the number of revertants when
compared to the solvent control and/or statistically sig-
nificant response in at least one concentration more
than the control incidence was considered as the proof
of mutagenicity (Maron & Ames 1983; Sarrif et al. 1997;
Hrelia et al. 1998; Mortelmans & Zeiger 2000; Suter et
al. 2002).

TA98 and TA100 strains displayed different mu-
tagenic sensitivities to compounds in this study. In a
general manner, derivatives tested exhibited a greater
mutagenic action on the TA100 strain as compared to
the responses in TA98 and were regarded as mutagens
inducing the reversion of base-pair substitutions. The
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Fig. 5. Dose-response (0.0001, 0.001, 0.01, 0.1, 1 mg/plate) curves
of the revertants induced by 1-ethyl-2-(o,p-dimethylphenyl)-4,5-
diphenyl-1H-imidazole [7] and 1-ethyl-2-methyl-4,5-diphenyl-1H-
imidazole [8] in the absence (a) and in the presence (b) of
metabolic activation. For the rest of the details, see the legend
to Figure 2.

general prevalence of induction of the base-pair substi-
tution mutation for some imidazole derivatives was also
reported by other authors (Voogd et al. 1979; Hrelia et
al. 1998).

Eight of the 10 substances tested were found to
be mutagenic for at least one of the two strains in the
presence or in the absence of metabolic activation. Two
compounds showed positive results in TA98 and 6 com-
pounds were also mutagenic in TA100 without S9. In
the presence of S9 mix, all of the 10 substances were
non-mutagenic in TA98, whereas 4 compounds were
positive in TA100.

With regard to structure-activity relationships,
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Fig. 6. Dose-response (0.0001, 0.001, 0.01, 0.1, 1 mg/plate)
curves of the revertants induced by 1-ethyl-2-(m-bromophenyl)-
4,5-diphenyl-1H-imidazole (9) and 1-ethyl-2-(p-nitrophenyl)-4,5-
di-(p-tolyl)-1H-imidazole [10] in the absence (a) and in the pres-
ence (b) of metabolic activation. For the rest of the details, see
the legend to Figure 2.

1-ethyl-4,5-diphenyl-1H-imidazole [1] (which does not
have any substituents in position 2), 1-ethyl-4,5-di-(p-
tolyl)-1H-imidazole [2] and 1-ethyl-2-methyl-4,5-di-(p-
tolyl)-1H-imidazole [3] were found non-mutagenic for
both of the two strains. 1-ethyl-2-(m-methoxyphenyl)-
4,5-diphenyl-1H-imidazole [4] showed a weak direct-
acting mutagenicity in TA100 and this mutagenic ef-
fect strengthened by the addition of the S9 microsomal
fraction.

In the absence of exogenous metabolism the in-
creases of revertant colonies were significant in both
tester strains treated with 1-ethyl-2-(p-hydroxyphenyl)-
4,5-diphenyl-1H-imidazole [5] and 1-ethyl-2-(m-methyl-
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Table 2. Mutagenic activities of the ten imidazole derivatives.®
TA 98 TA 100
Test chemical
—S9 +S9 —S9 +59

(1] 1-Ethyl-4,5-diphenyl-1H-imidazole - — +TD -

(2] 1-Ethyl-4,5-di-(p-tolyl)-1H-imidazole — -TDb -TD -

(3] 1-Ethyl-2-methyl-4,5-di-(p-tolyl)-1H-imidazole — -T -T -T

(4] 1-Ethyl-2- (m—methoxyphenyl) 4,5-diphenyl-1H-imidazole - — + +

(5] 1-Ethyl-2-(p-hydroxyphenyl)-4,5-diphenyl-1H-imidazole +TD T +TD -T

(6] 1-Ethyl-2-(m-methylphenyl)-4,5-diphenyl-1H-imidazole - T + -

(7] 1-Ethyl-2-(o,p- dlmethylphenyl) 4,5-diphenyl-1H-imidazole - T + -T

(8] 1-Ethyl-2-methyl-4,5-diphenyl-1H-imidazole - T -T +7T

[9] 1-Ethyl-2- (m-bromophenyl) 4,5-diphenyl-1H-imidazole - T -T +

(10] 1-Ethyl-2-(p-nitrophenyl)-4,5-di-(p-tolyl)-1H-imidazole + + + +

—S9: without metabolic activation; +S9: with metabolic activation; +: mutagenic; —: non-mutagenic; T: toxic; TD: dose-related

toxicity; +TP: highest doses are toxic after mutagenic effect.

phenyl)-4,5-diphenyl-1H-imidazole [6] for some doses.
1-ethyl-2-(o,p-dimethylphenyl)-4,5-diphenyl-1H-imid-
azole [7] was weakly mutagenic in TA98 without
metabolic activation. Differences in the mutation types
of the compounds having methyl groups in meta,
ortho and para positions of the phenyl substituents
in position 2 were observed. This may give the
opinion that the same substituents in different po-
sitions can cause different interactions with DNA.
The addition of S9 microsomal fraction conferred the
mutagenic activity of 1-ethyl-2-methyl-4,5-diphenyl-
1H-imidazole [8] and 1-ethyl-2-(m-bromophenyl)-4,5-
diphenyl-1H-imidazole [9] in TA100. Therefore metabo-
lites of these two substances should be considered for
their genotoxic potentials.

Forster et al. (1992) performed the Salmonella
mutagenicity assays with imidazole and its principal
metabolites like hydantoin, hydantoic acid, N-acetyl-
imidazole and histamine, a structurally related com-
pound which is widely distributed in mammalian tis-
sues. The results of that study indicated that imidazole
and its metabolites are unlikely to present a mutagenic
or carcinogenic hazard. However, our results were in
parallel with some reports available on the mutagenic-
ity of imidazole derivatives containing methyl and nitro
groups in particular. The genotoxic properties of a num-
ber of 1-methyl-1H-imidazole derivatives were investi-
gated and it was reported that 5-nitroimidazoles were
genotoxic (Kato et al. 1990; Zani et al. 1995). Com-
pounds containing methyl groups in position 2 were
found mutagenic or toxic. However compounds which
have tolyl groups in positions 4 and 5 were not mu-
tagenic, except for 1-ethyl-2-(p-nitrophenyl)-4,5-di-(p-
tolyl)-1H-imidazole [10] with a nitrophenyl group in po-
sition 2.

The results of the present study indicate that
phenyl groups in position 2 with different substituents
can confer the mutagenic activity of the tested com-
pounds. Methyl groups in different positions of these
phenyl substituents can cause different types of muta-
tions. This mutagenic effect is observed more clearly
when the phenyl group is inhibited with a nitro group.
Mutagenicity of nitro groups have been reported in

many studies (Voogd et al. 1979; Zani et al. 1995; Lu-
dolph et al. 2001). But it is known that mutagenicity of
nitro groups can be affected by the other substituents.
Ludolph et al. (2001) reported that the mutagenicity of
nitrostilbenes decreased with the size of the alkyl sub-
stituents. In their study about the mutagenic action of
nitroimidazoles Voogd et al. (1979) found a relationship
between the chemical structure and mutagenic action of
methyl-nitroimidazoles.

Eighty % of the compounds tested were observed
to have mutagenic activities. Although the Ames test
is a well-established method with high sensitivity, mu-
tagenicity tests may occasionally exhibit false-positive
results and it is not possible to draw a conclusive state-
ment based solely on a single study (Maslat et al. 2002;
Kaplan et al. 2004). In this connection, the imidazole
derivatives should be more investigated in subsequent
studies in order to compare the results from different
test systems before they are considered as pro-drug
molecules.

Acknowledgements

We thank Prof. Dr. I. Igkdag and Dr. A. Meri¢ (Faculty
of Pharmacy, Anadolu University, Eskigehir, Turkey) who
synthesized and gave us the test substances as gifts. This re-
search was supported by Anadolu University by the project
number 031055.

References

Dean B.J., Brooks T.M., Hodson-Walker G. & Hutson D.H. 1984.
Genetic toxicology testing of 41 industrial chemicals. Mutat.
Res. 153: 57-77.

Forster R., Blowers S.D., Cinelli S., Marquardt H. & Westendorf
J. 1992. Mutagenicity of imidazole and related compounds.
Mutat. Res. 298: 71-79.

Garner R.C., Miller E.C. & Miller J.A. 1972. Liver microso-
mal metabolism of lotoxin B1 to reactive derivative toxic to
Salmonella typhimurium TA 1530. Cancer Res. 32: 2058—
2066.

Hrelia P., Fimognari C., Maffei F., Brighenti B., Garuti L.,
Burnelli S. & Cantelli-Forti G. 1998. Synthesis, metabolism
and structure-mutagenicity relationships of novel 4-nitro-
(imidazoles and pyrazoles) in Salmonella typhimurium. Mu-
tat. Res. 397: 293-301.



12

Isikdag I. & Merig A. 1999. Syntheses and analgesic activities of
some 2-substituted-4,5—-diphenyl and 1,2—disubstituted-4,5—
diphenyl imidazole derivatives. Boll. Chim. Farm. 138: 24—
29.

Josephy P.D., Gruz P. & Nohmi T. 1997. Recent advances in
the construction of bacterial genotoxicity assays. Mutat. Res.
386; 1-23.

Kaplan C., Diril N., Sahin S. & Cehreli M.C. 2004. Mu-
tagenic potentials of dental cements as detected by the
Salmonella/microsome test. Biomaterials 25: 4019-4027.

Kato T., Kikugawa K., Asanoma M. & Sakabe Y. 1990. Occur-
rence of 2-amino-3-methylimidazo [4, 5—f] quinoline (IQ),2—
amino-6—methyldipyrido [1,2-a:3’,2’-d] imidazole (Glu-P-1)
and other heterocyclic amine mutagens in oil of charred egg
yolk (ranyu). Mutat. Res. 240: 259-266.

Ludolph B., Klein M., Erdinger L. & Boche G. 2001. The effets
of 4’ alkyl substituents on the mutagenic activity of 4-amino-
and 4—nitrostilbenes in Salmonella typhimurium. Mutat. Res.
491: 195-209.

Mamber S.W., Kolek B., Brookshire K.W., Bonner D.P. & Fung-
Tomc J. 1993. Activity of quinolones in the Ames Salmonella
TA102 mutagenicity test and other bacterial genotoxicity as-
says. Antimicrob. Agents Chemother 37: 213-217.

Maron D. & Ames B.N. 1983. Revised methods for Salmonella
mutagenicity test. Mutat. Res. 113: 173-215.

G. AYDOGAN & M. KuTLU

Maslat A., Abussaud M., Tashtoush H. & Al-Talib M. 2002. Syn-
thesis, antibacterial, antifungal and genotoxic activity of bis-
1,3,4—oxidazole derivatives. Pol. J. Pharmacol. 54: 55-59.

Merig A. & Isikdag I., 2000. Synthesis and structure elucidation of
some l-and 2—(aryl) substituted 4,5-bis (4-methoxyphenyl)
imidazole derivatives. Acta Pharm. Turcica 42: 129-133.

Mortelmans K. & Zeiger E. 2000. The Ames Salmonella/micro-
some mutagenicity assay. Mutat. Res. 455: 29-60.

Sarrif A.M., Krahn D.F., Donovan M.S. & O’Neil R.M. 1997.
Evaluation of hexamethylphosphoramide for gene mutations
in Salmonella typhimurium using plate incorporation, prein-
cubation and suspension assays. Mutat. Res. 380: 167-177.

Suter W., Hartmann A., Poetter F., Sagelsdorff P., Hoffmann
P. & Martus H.J. 2002. Genotoxicity assessment of the
antiepileptic drug AMP397, an Ames-positive aromatic nitro
compound. Mutat. Res. 518: 181-194.

Voogd C.E., van der Stel J.J. & Jacobs J.J. 1979. The mutagenic
action of nitroimidazoles. IV. A comparison of the mutagenic
action of several nitroimidazoles and some imidazoles. Mutat.
Res. 66: 207-221.

Zani F., Mazza P., Benvenuti S., Severi F., Malmusi L., Vampa
G. & Antolini L. 1995. Synthesis, characterization, crystallo-
graphic analysis, antifungal and genotoxic properties of some
1-methyl-1H-imidazoles. Eur. J. Med. Chem. 30: 729-740.

Received April 11, 2006
Accepted September 18, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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 false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


