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Abstract Inclusion of a biological photosensitizer and

prototype of b-carbolines, norharmane (NHM), into the

cavity of cucurbit[7]uril (CB[7]) has been investigated for

the first time, by using 1H NMR and UV–visible spectros-

copy, and ab initio calculations. Protonated NHM forms a

very stable host–guest complex with CB[7] in aqueous

solution, with a binding constant of (9.0 ± 0.5) 9 104 M-1.

The encapsulation of NHM into CB[7] has driven the pro-

totropic equilibrium of NHM to protonated NHM (NHMH?)

at neutral pH. A pH titration for the host–guest complex

revealed a moderate shift of the acid–base equilibrium in the

ground-state (from 7.2 to 7.9), which may be caused by the

low polarity microenvironment of the CB[7] cavity. The

CB[7] provides a binding pocket for the hydrophobic mol-

ecule, and the polar, carbonyl-lined portals offering an

anchoring site for the positive charge of the cationic species

NHMH?.
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Introduction

The assembly of biologically important molecules into

organized microenvironments has been an important

research topic during the past few decades. The encapsula-

tion and organization of bioactive molecules into nano- or

molecular containers where the polarity is different from

that of bulk environment can often alter the guests’ chemical

and physical characteristics, including photophysical and

photochemical properties, and mimic related biosystems,

and therefore have high potential for biological and photo-

chemical applications [1]. Several popular natural and

synthetic molecular containers including cyclodextrins,

calixarenes, and porphyrins, have been actively studied for

their abilities in encapsulating bioactive molecules [2].

Conversely, similar investigations with cucurbituril host

molecules are rarely available in the literature, compared

with those for cyclodextrins.

The cucurbit[n]urils (CB[n], n is most commonly 5–8), a

family of cyclic host molecules consisting of n glycoluril

units bridged by 2n methylene groups, have a fairly rigid

hydrophobic cavity of low polarity accessible through

polar portals lined with carbonyl groups. Although the

synthesis of cucurbit[6]uril (CB[6]) was reported more than

100 years ago [3], it was not until 1981 that its chemical

nature and structure were fully characterized by Mock and

co-workers [4]. For two decades thereafter CB[6] was

extensively investigated with numerous reports of the for-

mation of coordination complexes with a range of metal

ions, and inclusion complexes with various guest mole-

cules [5]. Unlike the cyclodextrin family of host molecules,

the availability of only one relatively small cucurbituril

cavity size had, until recently, limited the range of guest

species that could be encapsulated. The discoveries of

CB[5], CB[7], and CB[8] by Kim and co-workers expan-

ded the CB[n] family, and provided hosts with a wide range

of available cavity sizes [6]. The improved syntheses of

CB[n], and in particular the superior solubility of CB[7]

in aqueous solution, have prompted investigations into
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host–guest behaviour in water with a variety of aromatic

and metal complex guest molecules [7–10], including

bioactive species such as oxaliplatin and other anti-cancer

platinum complexes [11, 12], and 5-aminosalicylic acid

colon-specific drug molecules [13]. Recently, Wang and

Macartney have reported the encapsulation of the histamine

H2-receptor antagonist ranitidine with CB[7], and observed

that the pKa values of the ranitidine have been increased

upon its complexation with CB[7] [14]. Very recently, we

have also discovered that CB[7] can modulate the base on/

off process of vitamin B12 and coenzyme B12 due to the

inclusion of the protonated dimethylbenzimidazole base of

the B12 molecules in the cavity of CB[7], and increase the

base’s pKa value, and therefore CB[7] is able to mimic the

hydrophobic pocket of coenzyme binding protein [15].

Norharmane (9H-pyrido[3,4-b]-indole, NHM) is a bio-

active b-carboline alkaloid molecule and widespread in

plants and animals frequently acting as monoamine oxidase

inhibitors [16]. In addition, it has been reported to work as

a very efficient biological photosensitizer in the presence of

oxygen [17]. Moreover, it has been widely accepted that

four different species including cationic, neutral, zwitter-

ionic and anionic species are present in solution, depending

on the pH of the solution, with intensive literature reports

of the pKa values at various stages [18]. Numerous studies

have dealt with the modulation of the prototropic trans-

formation of NHM, mainly between the neutral and

protonated form (Scheme 1) through supramolecular

complexation and/or encapsulation by cyclodextrin [19,

20], micelles [21], serum albumins [22], and solvents [23]

at physiological pH. These studies have led us to investi-

gate the CB[7] host–guest chemistry with NHM in aqueous

solution. The preferential complexation of the protonated

NHMH? form modulates the acid–base equilibrium of

NHMH? upon its inclusion into the cavity of CB[7].

Materials and methods

Materials

Cucurbit[7]uril was synthesized according to a literature

method [24] and characterized by both 1H NMR spectros-

copy and electrospray ionization (ESI) mass spectrometry.

All other materials, including norharmane (Sigma) were

used as received. Acetate (0.10 M NaAc/HAc) and phos-

phate (0.10 M NaH2PO4/Na2HPO4) buffer solutions were

prepared to carry out the pH titration between pH 4.0 and

12.0.

Apparatus

The 1H NMR spectra were measured on a Bruker AV-

400 M NMR spectrometer. The UV–visible spectra were

acquired on a Hewlett Packard 8452A diode array UV–

visible spectrometer using quartz cells with a 1.00 cm path

length. The modelled structure of the host–guest complex

was computed by energy-minimizations using Gaussian 03

(Revision C.02) programs run on the computing facilities

of the High Performance Virtual Computing Laboratory

(HPVCL) at Queen’s University. The calculation method

was HF (Hartree-Fock) and the basis set used for the cal-

culations was 3-21G**.

Preparation of complex solutions

For the 1H NMR spectra, 1.0 mM solutions of NHM in

D2O were mixed with 0.70 and 1.5 equivalents of CB[7]

and sonicated for 3 min. The 1:1 guest–host complex

{NHMH?•CB[7]} was prepared in the same way in water

with excess of CB[7] for the pH titration monitored by

UV–visible spectroscopy.

Results and discussion

Examination of NHMH?•CB[7] by 1H NMR and

ab initio calculation

The formation of a 1:1 guest–host complex between cat-

ionic NHM (NHMH?) and CB[7] has been demonstrated

by 1H NMR spectroscopy. The 1H NMR spectrum of the

1:1 guest–host complex of the NHMH? with CB[7]

(Fig. 1a) reveals complexation-induced upfield chemical

shifts (0.1–1.1 ppm) for the majority of the aromatic guest

resonances from H3 to H7, Fig. 1, consistent with their

inclusion in the shielding hydrophobic cavity. The negli-

gible shift for the H1 proton and the slight downfield shift

Scheme 1 Equilibrium

between neutral and protonated

NHM species, with pKa value

indicated
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of the H2 proton suggest that they are located in line with

the carbonyl groups of the portals, which have been

observed to deshield guest protons [7–10, 14, 25]. With a

limiting amount of CB[7] (the middle spectrum of Fig. 1a),

the proton resonances of NHM guest have no splitting into

free and bound species but rather only one set of migrating

chemical shifts, indicative of a fast rate of complexation–

decomplexation processes between NHM and CB[7] on the
1H NMR timescale.

An energy-minimized structure (Fig. 1b) of the

NHMH?•CB[7] complex from ab initio (HF method with

3-21G** basis set) calculations seems in general agreement

with the NMR results, in terms of the complexation

geometry, with the protonated pyridium headgroup situated

at the portal and the rest located mainly within the CB[7]

cavity. Please note that, however, the H4–H7 (especially H6

and H7) are sitting slightly out of the cavity, which is in fact

inconsistent with their upfield proton chemical shifts from

the 1H NMR spectra (Fig. 1a) upon guest complexation;

This inconsistency is primarily caused by the inherent dif-

ference between the two methods: 1H NMR is a solution-

based characterization whilst the ab initio calculation is a

gas-phase simulation. Still, the interaction of the positively

charged nitrogen group with the portal carbonyl groups on

CB[7] evidently stabilizes the inclusion complex in the

computed structure.

NHM titrated with CB[7] and NHMH?•CB[7] binding

constant determination

The UV–visible absorbance spectrum of NHM at neutral

pH exhibits typical absorption peaks at both 345 and

372 nm representing neutral and protonated species

respectively, consistent with literature reports [17–21]. The

inclusion of the NHM in cucurbit[7]uril can be conveniently

monitored using UV–visible spectroscopy, especially if the

encapsulation of NHM into CB[7] can affect the guest acid–

base equilibrium. The gradual addition of CB[7] (0.5 and

1.1 equivalent of NHM) into NHM solution at neutral pH

has resulted in a absorption reduction at 345 nm and a

simultaneous increase at 372 nm (Fig. 2), suggesting a

transition from the neutral NHM species into the protonated

species in the presence of CB[7] without changing pH

(buffered solution). Because at neutral pH both protonated

Fig. 1 1H NMR (400 MHz,

D2O) spectra of NHMH? in the

absence (bottom) and in the

presence of 0.7 (middle) and 1.5

(top) equivalent CB[7] (a),

proton labelled structure of

cationic NHM (b), and energy-

minimized complex structure

(c)
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and neutral species of NHM are present in the solution, in

order to eliminate the complication due to species transition

that exists at neutral pH, a spectrophotometric titration at

pH = 5 was conducted (at this pH, cationic species is vir-

tually the only species), which provided a stability constant

for NHMH?•CB[7] of (9.0 ± 0.5) 9 104 M-1 (Fig. 3),

which is similar to the values reported for the inclusion of

other cationic aromatic molecules, such as methylviologen

(K = 2 9 105 M-1) in CB[7] [26, 27].

Measurements of pKa value

It has been demonstrated before that the pKa values of

protonated guest molecules included in the cavity of

cucurbiturils may be shifted through non-covalent inter-

actions with the polar carbonyl-lined portals [14, 15, 25,

28, 29]. The effect of the inclusion of NHMH? in CB[7] on

the cationic to neutral species equilibrium constant was

investigated with a UV pH titration (Fig. 4), monitoring the

changes in the absorbances at 348 and 372 nm with pH in

the range of 5–12. The titration of the NHMH?•CB[7]

from acid into base pH results in an increase in the peak at

348 nm and a simultaneous decrease at 372 nm, corre-

sponding to protonated to neutral transition. From the pH

dependent UV spectral changes, the titration gives a value

of pKa = 7.9 ± 0.1 (according to Eq. 1) upon guest

inclusion into CB[7], which is increased moderately from

the reported value of 7.2 of NHMH? without any host

molecules [19–23].

pKa ¼ pH

þ log NHMH � CB 7½ �f gþ
� �

= NHM � CB 7½ �f g½ �
� �

:

ð1Þ

The increased pKa value of the included guest NHMH? is

presumably caused by the low polarity cavity of the host

CB[7] and the cation–dipole interactions (seen on Fig. 1b)

between the positively-charged pyridium of the guest and

polar carbonyl portals of the host molecule upon the guest

(NHMH?) complexation with CB[7], as such interactions

apparently stabilize the protonated species.

Conclusion

In summary, the complexation of NHM with CB[7] was

investigated by 1H NMR, ab initio calculation, and

UV–visible spectroscopy in aqueous solution. 1H NMR has

demonstrated clearly the 1:1 complexation with fast

exchange rate between free and included guest in NMR

time scale. The stability constant of inclusion complexes

was calculated to be (9.0 ± 0.5) 9 104 M-1 based on the

CB[7] titration of NHM with UV–vis measurements.

Interestingly, the complexation has moderately modified

the pKa of the guest NHM. The present investigation of
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Fig. 2 The UV spectrum of NHM (0.5 mM) at various concentra-

tions of CB[7] (0, 0.25 and 0.55 mM, following the direction as

indicated by arrows)
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Fig. 3 The binding curve from the UV absorbance measurement of

NHMH? (50 lM) titrated with different amounts of CB[7]. The plot

is based on absorbance at 300 nm versus concentration of CB[7] (M),

gives a binding constant of 9 9 104 M-1 for {NHMH•CB[7]}?

complex at pH = 5
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Fig. 4 pH titrations of the {NHM•CB[7]}? host–guest complex

monitored at 348 nm (unfilled square) and 372 nm (filled square),

with the solid curves both corresponding to a pKa of 7.9)
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NHM complexation by CB[7] provides the first example of

cucurbiturils’ capacity to strongly complex with b-carbo-

line, and may have potential biological and medical

applications for drug formulation and delivery, as b-carb-

oline molecules are biologically and pharmaceutically

important. We are currently expanding the study to other

b-carboline molecules.

Acknowledgement Natural Science and Engineering Research

Council of Canada (NSERC) is gratefully acknowledged for the

financial support of this work.

References

1. Rottman, C., Avnir, D.: Getting a library of activities from a

single compound: tunability and very large shifts in acidity

constants induced by sol-gel entrapped micelles. J. Am. Chem.

Soc. 123, 5730–5734 (2001). doi:10.1021/ja004230p

2. Tang, B., Ma, L., Wang, H.J.: Recent advances in the application

of new host compound to determine bioactive molecule. Chin. J.

Anal. Chem. 30, 482–490 (2002)

3. Behrend, R., Meyer, E., Rusche, F.: Condensates of glycoluril

and formaldehyde. Liebigs Ann. Chem. 339, 1–37 (1905). doi:

10.1002/jlac.19053390102

4. Freeman, W.A., Mock, W.L., Shih, N.Y.: Cucurbituril. J. Am.

Chem. Soc. 103, 7367–7368 (1981). doi:10.1021/ja00414a070

5. Mock, W.L.: Cucurbituril. Supramolecular chemistry—host

design and molecular recognition. Top. Curr. Chem. 175, 1–24

(1995)

6. Kim, J., Jung, I.S., Kim, S.Y., Lee, E., Kang, J.K., Sakamoto, S.,

Yamaguchi, K., Kim, K.: New cucurbituril homologues: syn-

theses, isolation, characterization, and X-ray crystal structures of

cucurbit[n]uril (n = 5, 7, and 8). J. Am. Chem. Soc. 122, 540–

541 (2000). doi:10.1021/ja993376p

7. Kim, K.: Mechanically interlocked molecules incorporating

cucurbituril and their supramolecular assemblies. Chem. Soc.

Rev. 31, 96–107 (2002). doi:10.1039/a900939f

8. Lee, J.W., Samal, S., Selvapapm, N., Kim, H.-J., Kim, K.:

Cucurbituril homologues and derivatives: new opportunities in

supramolecular chemistry. Acc. Chem. Res. 36, 621–630 (2002).

doi:10.1021/ar020254k

9. Lagona, J., Mukhopadhyay, P., Chakrabarti, S., Isaacs, L.: The

cucurbit[n]uril family. Angew. Chem. Int. Ed. Engl. 44, 4844–

4870 (2005). doi:10.1002/anie.200460675

10. Kim, K., Selvapalam, N., Ko, Y.H., Park, K.M., Kim, D., Kim, J.:

Functionalized cucurbiturils and their applications. Chem. Soc.

Rev. 36, 267–279 (2007). doi:10.1039/b603088m

11. Jeon, Y.J., Kim, S.-Y., Ko, Y.H., Sakamoto, S., Yamaguchi, K.,

Kim, K.: Novel molecular drug carrier: encapsulation of oxa-

liplatin in cucurbit[7]uril and its effects on stability and reactivity

of the drug. Org. Biomol. Chem. 3, 2122–2125 (2005). doi:

10.1039/b504487a

12. Wheate, N.J., Buck, D.P., Day, A.I., Collins, J.G.: Cucurbit[n]uril

binding of platinum anticancer complexes. Dalton Trans. (3),

451–458 (2006)

13. Dong, N., Xue, S.F., Tao, Z., Zhao, Y., Cai, J., Liu, H.-C.:

Investigation of cucurbit(7)uril as a 5-aminosalicylic acid colon-

specific drug delivery. Acta Chimi. Sin. 66, 1117–1122 (2008)

14. Wang, R., Macartney, D.H.: Cucurbit[7]uril host–guest com-

plexes of the histamine H2-receptor antagonist ranitidine. Org.

Biomol. Chem. 6, 1955–1960 (2008). doi:10.1039/b801591k

15. Wang, R., MacGillivray, B.C., Macartney, D.H.: Stabilization of

the base-off forms of vitamin B12 and coenzyme B12 by

encapsulation of the a-axial 5,6-dimethylbenzimidazole ligand

with cucurbit[7]uril. Dalton Trans. (2009). doi:10.1039/b904028e

16. Khalid, T., Rat, P., Molimard, R., Chait, A., Beaurepaire, R.:

Harmane inhibits serotonergic dorsal raphe neurons in the rat.

Psychopharmacology (Berl.) 182, 562–569 (2005). doi:10.1007/

s00213-005-0118-0

17. Becker, R.S., Ferreira, L.F.V., Elisei, F., Machado, I., Latterini,

L.: Comprehensive photochemistry and photophysics of land- and

marine-based beta-carbolines employing time-resolved emission

and flash transient spectroscopy. Photochem. Photobiol. 81,

1195–1204 (2005). doi:10.1562/2005-03-22-RA-469

18. Mallick, A., Chattopadhyay, N.: Photophysics of norharmane in

micellar environments: a fluorometric study. Biophys. Chem.

109, 261–270 (2004). doi:10.1016/j.bpc.2003.11.008

19. Prados, J.L., Leon, A.G., Olives, A.I., Martin, M.A., Castillo,

B.D.: Cyclodextrins modify the proton transfer photoreactions of

norharmane. J. Photochem. Photobiol. Chem. 173, 287–295

(2005). doi:10.1016/j.jphotochem.2005.04.007

20. Mallick, A., Haldar, B., Chattopadhyay, N.: Encapsulation of

norharmane in cyclodextrin: formation of 1:1 and 1:2 inclusion

complexes. J. Photochem. Photobiol. Chem. 78, 215–221 (2005).

doi:10.1016/j.jphotobiol.2004.11.008

21. Chakrabarty, A., Mallick, A., Haldar, B., Purkayastha, P., Das, P.,

Chattopadhyay, N.: Surfactant chain-length-dependent modulation

of the prototropic transformation of a biological photosensitizer:

norharmane in anionic micelles. Langmuir 23, 4842–4848 (2007).

doi:10.1021/la0700063

22. Chakrabarty, A., Mallick, A., Haldar, B., Das, P., Chattopadhyay,

N.: Binding interaction of a biological photosensitizer with serum

albumins: a biophysical study. Biomacromolecules 8, 920–927

(2007). doi:10.1021/bm061084s

23. Sanchez-Coronilla, A., Balon, M., Munoz, M.A., Carmona, C.:

Chem. Phys. 344, 72–78 (2008). doi:10.1016/j.chemphys.2007.

11.011

24. Day, A., Arnold, A.P., Blanch, R.J., Snushall, B.: Controlling

factors in the synthesis of cucurbituril and its homologues. J. Org.

Chem. 66, 8094–8100 (2001). doi:10.1021/jo015897c

25. Wang, R., Yuan, L., Macartney, D.H.: A green to blue fluores-

cence switch of protonated 2-aminoanthracene upon inclusion in

cucurbit[7]uril. Chem. Commun. (Camb.) (47), 5867–5869 (2005)

26. Ong, W., Gomez-Kaifer, M., Kaifer, A.E.: Cucurbit[7]uril: a very

effective host for viologens and their cation radicals. Org. Lett. 4,

1791–1794 (2002). doi:10.1021/ol025869w

27. Kim, H.-J., Keon, W.S., Ko, Y.H., Kim, K.: Inclusion of meth-

ylviologen in cucurbit[7]uril. Proc. Natl. Acad. Sci. U.S.A.

2002(99), 5007–5011 (2002). doi:10.1073/pnas.062656699

28. Mohanty, J., Bhasikuttan, A.C., Nau, W.M., Pal, H.: Host-guest

complexation of neutral red with macrocyclic host mole-

cules: contrasting pKa shifts and binding affinities for cucurbit[7]

uril and b-cyclodextrin. J. Phys. Chem. B 110, 5132–5138 (2006).

doi:10.1021/jp056411p

29. Shaikh, M., Mohanty, J., Sing, P.K., Nau, W.M., Pal, H.: Com-

plexation of acridine orange by cucurbit[7]uril and beta-

cyclodextrin: photophysical effects and pK(a) shifts. Photochem.

Photobiol. Sci. 7, 408–414 (2008). doi:10.1039/b715815g

J Incl Phenom Macrocycl Chem (2009) 64:233–237 237

123

http://dx.doi.org/10.1021/ja004230p
http://dx.doi.org/10.1002/jlac.19053390102
http://dx.doi.org/10.1021/ja00414a070
http://dx.doi.org/10.1021/ja993376p
http://dx.doi.org/10.1039/a900939f
http://dx.doi.org/10.1021/ar020254k
http://dx.doi.org/10.1002/anie.200460675
http://dx.doi.org/10.1039/b603088m
http://dx.doi.org/10.1039/b504487a
http://dx.doi.org/10.1039/b801591k
http://dx.doi.org/10.1039/b904028e
http://dx.doi.org/10.1007/s00213-005-0118-0
http://dx.doi.org/10.1007/s00213-005-0118-0
http://dx.doi.org/10.1562/2005-03-22-RA-469
http://dx.doi.org/10.1016/j.bpc.2003.11.008
http://dx.doi.org/10.1016/j.jphotochem.2005.04.007
http://dx.doi.org/10.1016/j.jphotobiol.2004.11.008
http://dx.doi.org/10.1021/la0700063
http://dx.doi.org/10.1021/bm061084s
http://dx.doi.org/10.1016/j.chemphys.2007.11.011
http://dx.doi.org/10.1016/j.chemphys.2007.11.011
http://dx.doi.org/10.1021/jo015897c
http://dx.doi.org/10.1021/ol025869w
http://dx.doi.org/10.1073/pnas.062656699
http://dx.doi.org/10.1021/jp056411p
http://dx.doi.org/10.1039/b715815g

	Encapsulation of a &bgr;-carboline in cucurbit[7]uril
	Abstract
	Introduction
	Materials and methods
	Materials
	Apparatus
	Preparation of complex solutions

	Results and discussion
	Examination of NHMH+&bullet;CB[7] by 1H NMR and ab&blank;initio calculation
	NHM titrated with CB[7] and NHMH+&bullet;CB[7] binding constant determination
	Measurements of pKa value

	Conclusion
	Acknowledgement
	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 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

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


