
© 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com

Introduction

The chemotherapeutic action of several anti-
cancer drugs has been related to their capability 
to inhibit nuclear DNA topoisomerases. Topo-
isomerases are involved in producing the essen-
tial topological and conformational changes in 
DNA which are critical to many cellular process-
es such as replication and transcription (Wang, 
1985; Liu, 1989; D’Arpa and Liu, 1989). There are 
two types of topoisomerases, topoisomerase I and 
topo isomerase II, which have been isolated from 
mammalian cells. These enzymes can be distin-
guished due to their function. Mammalian topo-
isomerase I produces a transient protein-bridged 
DNA break on one strand, whereas topoisomer-
ase II breaks both DNA strands (Bodley and Liu, 
1988; Schneider et al., 1990; Chen and Liu, 1994).

Several anticancer drugs in clinical use have 
been shown to be potent inhibitors of topo-
isomerase II. Etoposide, teniposide, mitoxantrone, 
m-AMSA, doxorubicin, and daunomycin are the 
main examples of this class (Bodley and Liu, 
1988; Schneider et al., 1990; Chen and Liu, 1994). 
In comparison to topoisomerase II inhibitors, 
there are fewer known topoisomerase I inhibi-
tors. Camptothecin is the most extensively stud-
ied mammalian topo isomerase I inhibitor. The 
broad spectrum of potent antineoplastic activ-
ity displayed by campto thecin (Gallo et al., 1971; 
Giovanella et al., 1991) has resulted in efforts to 

develop other agents which can be inhibitors of 
mammalian topoisomerase I. For instance, syn-
thetic bisbenz imidazole derivatives can be con-
sidered candidates for this purpose. A bisbenz-
imidazole derivative,  Hoechst 33258, which has 
been widely studied in relation to its interaction 
with the DNA double helix, has undergone phase I 
clinical evaluation as an anticancer agent (Patel et 
al., 1991; Chaudhuri et al., 2007). Besides, two ana-
logues, Hoechst 33342 and Hoechst 33377, have 
recently been reported to have topo isomerase I 
inhibitory activity (Finlay and Baguley, 1990; Satz 
et al., 2001).

In additon to the Hoechst analogues, a new 
class of simple symmetrical bisbenzimidazole-
based potential DNA minor groove-binding 
agents was developed by Neidle et al. (1997), and 
the DNA binding capacity of these molecules and 
their activities as antitumour agents have also 
been evaluated (Mann et al., 2001). In connection 
with the work of Neidle et al. (1997) and after 
careful literature survey, our goal in the present 
study was to prepare some different symmetrical 
bisbenzimidazoles, which have not been investi-
gated for anticancer activity up to date.

Material and Methods

Chemistry

All melting points (M.p.) were determined 
in open capillaries on a Gallenkamp apparatus 
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(Weiss-Gallenkamp, Loughborough, UK) and are 
uncorrected. The purity of the compounds was 
routinely checked by thin layer chromatography 
(TLC) using silica gel 60G (Merck, Darmstadt, 
Germany). Spectroscopic data were recorded 
with the following instruments: IR, Shimadzu IR-
435 spectrophotometer (Tokyo, Japan); 1H NMR, 
Bruker UltraShield 500 MHz spectrometer (Bill-
erica, MA, USA); LC-MS, Agilent 1100 Series LC/
MSD Trap VL & SL (Minnetonka, MN, USA).

Synthesis of compounds 1 – 8

The appropriate arylaldehyde (5 mmol) was 
dissolved in 95% aqueous ethanol (50 mL), and 
sodium disulfi te (5 mmol, 0.95 g) was added. The 
mixture was refl uxed for 1 h, and then the solvent 
was evaporated. The residue was dissolved in di-
methylformamide (DMF) (10 mL) and 3,3’-diam-
inobenzidine (2.5 mmol, 0.5035 g) was added. The 
reaction mixture was refl uxed at 140 °C for 6 h 
and then poured into ice water. The precipitated 
product was fi ltered, washed with water, dried, 
and recrystallized from isopropanol.

2,2’-Bis-(2-benzoyloxyphenyl)-1H,1H’-[5,5’]-
bisbenzimidazole (1): Yield 69%. – M.p. 291 °C. 
– IR (KBr): υmax = 3408 (N-H), 3039 (aromatic 
C-H), 1746 (ester C=O), 1604 – 1456 cm–1 (C=C 
and C=N). – 1H NMR (500 MHz, CDCl3): δ = 
7.16 – 7.54 (22H, m, benzimidazole, benzoyl and 
phenyl C4, C5 and C6 protons), 8.60 (2H, d, phenyl 
C3 protons), 10.71 (2H, s, N-H protons). – LC-MS: 
m/z = 627.2 [M+1]+.

2,2’-Bis-(anthracen-9-yl)-1H,1H’-[5,5’]-
bisbenz imidazole (2): Yield 82%. – M.p. >350 °C. 
– IR (KBr): υmax = 3435 (N-H), 3049 (aromatic 
C-H), 1622 – 1435 cm–1 (C=C and C=N). – 1H NMR 
(500 MHz, CDCl3): δ = 7.36 – 9.04 (24H, m, benz-
imidazole and anthracene protons), 11.60 (2H, s, 
N-H protons). – LC-MS: m/z = 587.8 [M+1]+.

2,2’-Bis-(biphenyl-4-yl)-1H,1H’-[5,5’]-bisbenz-
imidazole (3): Yield 77%. – M.p. 326 °C. – IR 
(KBr): υmax = 3433 (N-H), 3030 (aromatic C-H), 
1614 – 1411 cm–1 (C=C and C=N). – 1H NMR 
(500 MHz, CDCl3): δ = 7.24 – 8.16 (24H, m, benz-
imidazole and phenyl protons), 10.10 (2H, s, N-H 
protons). – LC-MS: m/z = 539.2 [M+1]+.

2,2’-Bis-(3-phenoxyphenyl)-1H,1H’-[5,5’]-bis-
benzimidazole (4): Yield 74%. – M.p. 312 °C. – IR 
(KBr): υmax = 3483 (N-H), 3061 (aromatic C-H), 

1581 – 1483 cm–1 (C=C and C=N). – 1H NMR 

(500 MHz, CDCl3): δ = 6.94 – 7.78 (24H, m, benz-

imidazole and phenyl protons), 10.12 (2H, s, N-H 

protons). – LC-MS: m/z = 571.4 [M+1]+.

2,2’-Bis-(4-phenoxyphenyl)-1H,1H’-[5,5’]-bis-
benzimidazole (5): Yield 78%. – M.p. 234 °C. – IR 

(KBr): υmax = 3487 (N-H), 3063 (aromatic C-H), 

1585 – 1487 cm–1 (C=C and C=N). – 1H NMR 

(500 MHz, CDCl3): δ = 7.08 – 8.08 (24H, m, benz-

imidazole and phenyl protons), 10.10 (2H, s, N-H 

protons). – LC-MS: m/z = 571.5 [M+1]+.

2,2’-Bis-(phenanthren-9-yl)-1H,1H’-[5,5’]-bis-
benzimidazole (6): Yield 86%. – M.p. >350 °C. 

– IR (KBr): υmax = 3417 (N-H), 3059 (aromatic 

C-H), 1604 – 1417 cm–1 (C=C and C=N). – 1H 

NMR (500 MHz, CDCl3): δ = 7.24 – 9.38 (24H, 

m, benzimidazole and phenanthrene protons), 

10.40 (2H, s, N-H protons). – LC-MS: m/z = 587.4 

[M+1]+.

2,2’-Bis-(naphthalen-2-yl)-1H,1H’-[5,5’]-bis-
benzimidazole (7): Yield 81%. – M.p. 341 °C. – IR 

(KBr): υmax = 3488 (N-H), 3051 (aromatic C-H), 

1639 – 1398 cm–1 (C=C and C=N). – 1H NMR 

(500 MHz, CDCl3): δ = 7.28 – 8.54 (20H, m, benz-

imidazole and naphthalene protons), 10.50 (2H, s, 

N-H protons). – LC-MS: m/z = 487.4 [M+1]+.

2,2’-Bis-(indol-3-yl)-1H,1H’-[5,5’]-bisbenzimi-
dazole (8): Yield 75%. – M.p. 276 °C. – IR (KBr): 

υmax = 3414 – 3333 (N-H), 3061 (aromatic C-H), 

1622 – 1394 cm–1 (C=C and C=N). – 1H NMR 

(500 MHz, CDCl3): δ = 7.24 – 7.96 (16H, m, benz-

imidazole and indole protons), 10.32 – 10.46 (4H, 

s, N-H protons). – LC-MS: m/z = 465.6 [M+1]+.

Cell cultures

MCF-7 (breast carcinoma) cells were main-

tained in 90% Dulbecco’s modifi ed Eagle’s me-

dium (DMEM) (Sigma, St. Louis, MO, USA), 

1 mM sodium pyruvate (Sigma), 10 μg/mL human 

insulin (Sigma), and 10% (v/v) fetal bovine se-

rum (FBS) (Gibco, Paisley, UK). HT-29 (colon 

carcinoma) cells were cultured in 90% McCoy’s 

5A medium (Sigma) and 10% FBS (Gibco). All 

media were supplemented with penicillin/strepto-

mycin at 100 units/mL, and cells were incubated 

at 37 °C in a 5% CO2/95% air humidifi ed atmos-

phere.
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MTT assay

A tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), was used 
as a colorimetric substrate for measuring the cy-
totoxicity (MTT assay). HT-29 and MCF-7 cells 
were cultured in 96-well plates, and 1.563 to 
200 μg/mL bisbenzimidazole derivative or cispla-
tin was added. The plates were incubated for 24 h 
at 37 °C in a 5% CO2/95% air humidifi ed incu-
bator together with an untreated control sample. 
After incubation, 20 μL MTT dye were added, 
and the absorbance of the plates was measured 
with an ELx808-IU Bio-Tek apparatus (Bio-Tek 
Instruments Inc., Winooski, USA) at 540 nm. 
Control cell viability was regarded as 100%. Stock 
solutions of the test compounds were dissolved in 
dimethyl sulfoxide (DMSO), and further concen-
trations were prepared in cell culture media. All 
experiments were repeated three times. For each 
dose of a compound, four independent wells were 
used. Percent viability was defi ned as the relative 
absorbance of treated versus untreated control 
cells.

DNA synthesis inhibition assay

Tests for DNA synthesis inhibitory effects of 
the synthesized compounds were performed in 
96-well fl at-bottomed microtiter plates using a 
BrdU colorimetric kit (Roche, Penzberg, Germa-
ny). HT-29 and MCF-7 cells were collected from 
cell cultures by 0.25% trypsin/EDTA solution and 
counted in a hemocytometer. Suspensions of the 
cell lines were seeded into 96-well fl at-bottomed 
microtiter plates at a density of 103 cells/mL. The 
tumour cell lines were cultured in the presence 
of various doses of the test compounds or cispla-
tin. Microtiter plates were incubated at 37 °C in a 
5% CO2/95% air humidifi ed atmosphere for 24 h. 
The cells were labelled with 10 μL BrdU solution 
for 2 h and then fi xed. Anti-BrdU-POD (100 μL) 
was added and incubated for 90 min. Finally, the 
micro titer plates were washed three times with 
phosphate buffered saline (PBS), and the cells 
were incubated with substrate solution until the 
colour turned blue. Absorbance of the samples 
was measured with an ELx808-IU Bio-Tek ap-
paratus at 492 nm. As a control solvent, DMSO 
was added to the cells during the time course. The 
values of blank wells were substracted from the 
value of each well of treated and control cells. 
The absorbance values of background control 

wells did not exceed 0.1. All experiments were 
repeated three times. For each dose of the com-
pounds, triplicate wells were used.

DNA fragmentation assay
HT-29 cells (106 cells/mL) were harvested into 

dishes and incubated with various doses of the test 
compounds for 24 h. After the incubation period, 
cells were washed in PBS, trypsinized, transferred 
into tubes, and mixed. Binding buffer (200 μL) was 
added and the mixture incubated at room temper-
ature for 10 min; then isopropanol (100 μL) was 
added and the mixture mixed. The mixture was fi l-
tered and centrifuged at 8000 x g. Washing buffer 
(500 μL) was added, and the resulting mixture was 
centrifuged again at the same g value. Filter tubes 
were solubilized with elution buffer and analysed by 
1% agarose gel electrophoresis (containing 500 μg/
mL of ethidium bromide) at 50 V for 120 min. Ap-
proximately 20 μg of DNA was loaded in each well, 
visualized under UV light, and photographed.

Statistics
The SPSS for Windows 11.5 computer pro-

gram was used for statistical analyses. Statistical 
comparison of the results obtained from controls, 
groups, and time periods were carried out by the 
one-way analyses of variance (ANOVA) test, and 
post hoc analyses of group differences were per-
formed by the Tukey test. Results were expressed 
as mean ± SD.

Results and Discussion

In the present work, 2,2-bis-aryl-1H,1H’-[5,5’]-
bisbenzimidazole derivatives 1 – 8 were synthe-
sized by reacting the sodium disulfi de adduct of 
appropriate aldehyde derivatives with 3,3’-di-
aminobenzidine. The chemical structures of com-
pounds 1 – 8 were confi rmed by IR, 1H NMR, 
and mass spectral data. Chemical formulas of the 
compounds are presented in Table I.

In the IR spectra, some signifi cant stretching 
bands due to N-H, aromatic C-H, and C=N and C=C 
vibrations were determined at 3488 – 3408  cm–1, 
3030 – 3063 cm–1, and 1639 – 1394 cm–1, respec-
tively. In the 1H NMR spectra, the signals of N-H 
protons were observed at 10.10 – 11.60 ppm and 
clearly separated from the other peaks. The peaks 
belonging to aromatic protons were recorded at a 
wide area of 6.94 – 9.04 ppm. The mass spectra of 
the compounds showed [M+1]+ peaks, in agree-
ment with their molecular formula.
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Anticancer activity screening of compounds 
1 – 8 against HT-29 and MCF-7 cell lines was per-
formed in three steps. In the fi rst step, cytotoxicity 
of the compounds was determined by the MTT 
method. Afterwards, DNA synthesis inhibition 
was analysed for the compounds possessing sig-
nifi cant cytotoxic activity. Finally, DNA degrada-
tion caused by compounds was monitored in a 
UV gel visualization system.

In the MTT test, HT-29 and MCF-7 cell lines 
were incubated with compounds 1 – 8 at various 
concentrations (1.563, 3.125, 6.25, 12.5, 25, 50, 100, 
and 200 μg/mL). After 24 h incubation, cytotoxic 
effects of the compounds were examined and IC50 
values calculated. The anticancer agent cisplatin 
was used as a positive control. As seen in Table I, 
compound 7 was the most substantial derivative 
in the series, since it exhibited signifi cant cytotox-
icity against both cancer cell lines. Moreover, the 
cytotoxic effect of this compound is very close 
to that of cisplatin (IC50 = 2.6 μg/mL) against 
the MCF-7 cell line. Besides, compounds 1, 2, 4, 
and 8 were found to be active against the HT-29 
cells with IC50 values of 40.4 μg/mL, 15.7 μg/mL, 
26.5 μg/mL, and 8.5 μg/mL, respectively. Com-
pounds 3 and 4 showed moderate cytotoxic ac-
tivity against the MCF-7 cell line. The MTT test 
results revealed that, in general, MCF-7 cells were 
more resistant against the tested compounds, 
while HT-29 cells showed more sensitivity. Due 
to their notable cytotoxicity, compounds 1 – 4, 7, 
and 8 were chosen for the DNA synthesis inhibi-
tion assay.

In the DNA synthesis inhibition assay, for a 
24-h time period, HT-29 and MCF-7 cells were 
incubated with the compounds at three different 
doses (IC50/4, IC50/2, and IC50). Cisplatin was used 
as a positive control. As seen in Figs. 1 and 2, the 
test compounds showed dose-dependent inhibi-
tory activity on DNA synthesis in both cell lines. 
Although, the inhibitory activity observed at the 
lowest dose of the compounds was very poor, all 
of the compounds showed inhibitory activity simi-
lar to that of the reference at the highest dose 
(IC50). However, this fi nding was of little relevance 
for compounds 1, 2, 3, and 4 because their doses 
had to be 5- to 25-fold higher than that of cispla-
tin to exhibit similar activity. On the other hand, 
DNA synthesis inhibitory activities of compound 
7 against both cell lines and compound 8 against 
the HT-29 cell line were more notable, since these 
compounds showed similar DNA synthesis inhi-

Table I. Molecular formulas and IC50 values of com-
pounds 1 – 8 against the HT-29 and MCF-7 cell lines.

Com-
pound

Ar HT-29 IC50 
[μg/mL]

MCF-7 IC50 

[μg/mL]

1  40.4* 150.6

2  15.7** 186.2

3 135.2  80.4*

4  26.5**  80.8*

5 125.3 180.7

6 133.9 100.4

7   9.5**   4.1**

8   8.5** 190.9

Cis-
platin

-   1.7   2.6

The compounds displaying moderate (*) and signifi cant 
(**) activity against cancer cell lines were selected for 
DNA synthesis inhibition and assays for the detection 
of apoptotic DNA fragmentation.
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bition compared to the reference at lower doses 
compared to the other compounds.

The DNA fragmentation assay was carried 
out for the most cytotoxic compounds 7 and 8 
against the HT-29 cell line, because this cell line 
was more sensitive to the compounds. HT-29 cells 

were incubated with the compounds at two dif-
ferent concentrations (IC50 and IC50/2). After a 
24-h incubation period, DNA was isolated from 
the cells, electrophoresed along with the apop-
totic DNA ladder kit, and monitored in a UV gel 
visualization system. As seen in Fig. 3, both doses 
of compounds 7 and 8 caused DNA degradation, 
but not laddering, which is a marker of apoptotic 
DNA (lanes 1, 2, 3, and 4). This result suggests 
that the test compounds damage DNA which 
causes the anticancer action.

In conclusion, the preliminary in vitro antican-
cer investigation of some novel bisbenzimidazole 
derivatives has indicated the anticancer potency 
of compounds 7 and 8. Compound 7 has more 
chemotherapeutic value than compound 8, be-
cause, the 2-naphthyl-substituted compound 7 
showed an attractive cytotoxicity against both cell 
lines tested. The 3-indolyl-substituted compound 
8 had a signifi cant cytotoxic activity only against 
HT-29 cell line. The results reveal that the anti-
cancer activity of compounds 7 and 8 is related 
to their cytotoxic and DNA degradation effects, 
respectively, on the HT-29 cell line.
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Fig. 1. Inhibitory effects of compounds 1, 2, 4, 7, 
and 8 on DNA synthesis of HT-29 cells. Mean 
percentage of absorbance of the untreated (as-
sessed in the presence of DMSO used as a sol-
vent and assumed as 0%) and treated cells (test 
compounds with three different concentrations, 
a, b, c) and cisplatin are given. 1: a, 10 μg; b, 
20 μg; c, 40 μg. 2: a, 4 μg; b, 8 μg; c, 16 μg. 4: a, 
6.5 μg; b, 13 μg; c, 26 μg. 7: a, 2.375 μg; b, 4.75 μg; 
c, 9.5 μg. 8: a, 2.125 μg; b, 4.25 μg; c, 8.5 μg. Cis-
platin: a, 0.64 μg; b, 1.7 μg; c, 3.2 μg. Data re-
present means for three independent experi-
ments ± SD of nine independent wells. p < 0.05.

Fig. 3. Effects of compounds 7 and 8 on the genomic 
DNA of HT-29 cells. M, DNA marker (10000 – 50 bp); 
P, positive control (DNA of HT-29 cell line treated with 
4 μg/mL of the reference drug camptothecin); C, con-
trol (DNA of HT-29 cell line); 1, DNA of HT-29 cell 
line treated with 4.75 μg/mL of compound 7; 2, DNA 
of HT-29 cell line treated with 9.5 μg/mL of compound 
7; 3, DNA of HT-29 cell line treated with 4.25 μg/mL 
of compound 8; 4, DNA of HT-29 cell line treated with 
8.5 μg/mL of compound 8.

Fig. 2. Inhibitory effects of compounds 3, 4, 
and 7 on DNA synthesis of MCF-7 cells. Mean 
percentage of absorbance of the untreated 
(assessed in the presence of DMSO used as a 
solvent and assumed as 0%) and treated cells 
(test compounds in three different concentra-
tions, a, b, c) and cisplatin are given. 3: a, 20 μg; 
b, 40 μg; c, 80 μg. 4: a, 20 μg; b, 40 μg; c, 80 μg. 
7: a, 1 μg; b, 2 μg; c, 4 μg. Cisplatin: a, 0.64 μg; 
b, 1.7 μg; c, 3.2 μg. Data represent means for 
three independent experiments ± SD of nine 
independent wells. p < 0.05.



470 İ. Işıkdağ et al. · Bisbenzimidazoles

Bodley A. L. and Liu L. F. (1988), Topoisomerases as 
novel targets for cancer chemotherapy. Biotechnol-
ogy 6, 1315 – 1318.

Chaudhuri P., Ganguly B., and Bhattacharya S. (2007), 
An experimental and computational analysis on the 
differential role of the positional isomers of symmet-
ric bis-2-(pyridyl)-1H-benzimidazoles as DNA bind-
ing agents. J. Org. Chem. 72, 1912 – 1923.

Chen A. Y. and Liu L. F. (1994), DNA topoisomerases: 
Essential enzymes and lethal targets. Annu. Rev. 
Pharmacol. Toxicol. 34, 191 – 218.

D’Arpa P. and Liu L. F. (1989), Topoisomerase-targeting 
antitumor drugs. Biochim. Biophys. Acta 989, 163 – 177.

Finlay G. J. and Baguley B. C. (1990), Potentiation by 
phenylbisbenzimidazoles of cytotoxicity of antican-
cer drugs directed against topoisomerase II. Eur. J. 
Cancer 26, 586 – 589.

Gallo R. C., Whang-Peng J., and Adamson R. A. H. 
(1971), Studies on the antitumor activity, mechanism 
of action, and cell cycle effects of camptothecin. J. 
Natl. Cancer Inst. 46, 789 – 795.

Giovanella B. C., Hinz H. R., Kozielski A. J., Stehlin J. S., 
Silber R., and Potmesil M. (1991), Complete growth 
inhibition of human cancer xenografts in nude mice 
by treatment with 20-(S)-camptothecin. Cancer Res. 
51, 3052 – 3055.

Liu L. (1989), DNA topoisomerase poisons as antitu-
mor drugs. Annu. Rev. Biochem. 58, 351 – 375.

Mann J., Baron A., Opoku-Boahen Y., Johansson E., 
Parkinson G., Kelland L. R., and Neidle S. (2001), 
A new class of symmetric bisbenzimidazole-based 
DNA minor groove-binding agents showing antitu-
mor activity. J. Med. Chem. 44, 138 – 144.

Neidle S., Kelland L. R., Trent J. O., Simpson I. J., 
Boykin D. W., Kumar A., and Wilson W. D. (1997), 
Cytotoxicity of bis(phenylamidinium) furan alkyl 
derivatives in human tumour cell lines: Relation to 
DNA minor groove binding. Bioorg. Med. Chem. 
Lett. 7, 1403 – 1408.

Patel S. K., Kvols L. K., Rubin J., O’Connell M. J., Ed-
monson J. H., Ames M. M., and Kovach J. S. (1991), 
Phase 1-11 study of pibenzimol hydrochloride (NSC 
322921) in advanced pancreatic carcinoma. Invest. 
New Drugs 9, 53 – 57.

Satz A. L., White C. M. Beerman T. A., and Bruice T. 
C. (2001), Double-stranded DNA binding character-
istics and subcellular distribution of a minor groove 
binding diphenyl ether bisbenzimidazole. Biochemis-
try 40, 6465 – 6474.

Schneider E., Hsiang Y. H., and Liu L. F. (1990), DNA 
topoisomerase as anticancer drug targets. Adv. Phar-
macol. 21, 149 – 183.

Wang J. C. (1985), DNA topoisomerases. Annu. Rev. 
Biochem. 54, 665 – 697.



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 (None)
  /AlwaysEmbed [ true
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /Aristarcoj
    /Helvetica-Oblique
    /ZapfDingbatsITC
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /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>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [538.583 793.701]
>> setpagedevice


