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Abstract The formation of the complexes of Norfloxacin
with 2-methyl-f-cyclodextrin (Me-f-CD) was studied by
UV-Vis absorption spectroscopy, fluorescence and nuclear
magnetic resonance spectroscopy (NMR). Experimental
conditions including Me-f-CD concentration and media
acidity were investigated in detail at room temperature.
The results suggest that Norfloxacin exists in three
molecular forms in aqueous solution at different pH values,
namely, the acidic form, the neutral form and the alkaline
form). Me-f-CD was more suitable for inclusion of Nor-
floxacin in the acidic medium. The binding constant (K) of
the inclusion complex was determined by fluorescence
measurement, and the complexation ratio was determined
as 1:1 in the concentration range used in this study. A
mechanism was proposed to explain the inclusion process
based on the experimental NMR data.

Keywords Cyclodextrin - Norfloxacin - Inclusion
complex - UV-Vis absorption - Fluorescence - NMR

Introduction

Investigations of molecular recognition have attracted
much attention in supramolecular chemistry involving
natural and artificial host-guest systems [1, 2]. Cyclodex-
trins (CDs) are the most widely used host molecules in
supramolecular chemistry. They are polysaccharides made
up of six to eight p-glucose monomers connected at the 1
and 4 carbon atoms. With a hydrophobic internal cavity
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and a hydrophilic external surface, CDs can form inclusion
complexes with various guest molecules which possess
suitable polarity and dimension [3—7]. This ability has been
widely used in pharmaceutical industries, and has also been
used for various other analytical purposes [8—10]. Fur-
thermore, CDs have been used as models for proteins and
enzymes because they interacted with many substances in a
manner similar to of that proteins and enzymes [11]. The
inclusion process of pharmaceutical molecules with CDs
usually results in a modulation of the physicochemical and
pharmaceutical properties of guest molecules [12, 13], such
as increased solubility, improved chemical stability and
bioavailability, reduced toxicity controlled-rate release and
so on [14]. Therefore, it would be of great importance to
comprehensively understand the inclusion behavior of
molecules of pharmaceutical interests with CDs.

When the fluorescent guests are included in the CD
cavity, the non-radiative decay processes of luminophores
are significantly attenuated and hence fluorescence emission
increased [15—17]. Due to its high sensitivity, selectivity and
instrumental simplicity, fluorescence method has been used
to investigate the phenomena of inclusion complexes and
determine the association constants of complexes [17-19].
Nuclear magnetic resonance spectroscopy (NMR) is also a
powerful tool to study the CDs complexes [20-25] that can
provide not only quantitative information, but also detailed
information on geometry of the complex.

Fluoroquinolones (FQs) are an important group of syn-
thetic, broad-spectrum antimicrobial agents, which have
been widely used to treat infection in many parts of the
body by killing the harmful bacteria or preventing their
growth. Being the first FQ drug approved for human use,
Norfloxacin (Fig. 1) was found to exhibit broader activity
against Gram (—) and Gram (4) bacteria, less protein
binding, higher drug tolerance, lower toxicity and longer
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Fig. 1 The molecular structure of Norfloxacin

half-life [26]. So, it is necessary to study the inclusion
complex of this drug with CDs to suit the pharmaceutical
and clinic applications.

As the relatively low solubility and molecular binding
abilities of natural CDs limit their further uses [27], mod-
ification of CDs has become one of the “hot” topics in
recent host—guest supramolecular chemistry [28, 29]. Here
we selected Me-f-CD as host molecule, which is
unharmful to human body [30-32], to investigate the
interaction between FQ and Me-f-CD. The inclusion pro-
cess was characterized by fluorescence and '"H NMR, and
the experimental data will hopefully provide information
for the development of new cyclodextrin drugs-carrier
system.

Experimental
Apparatus

UV-757CRT spectrophotometer (Shanghai Precision £
Scientific Instrument Co. LTD.); RF-540 fluorescence
spectrophotometer (Shimadzu); Advance DRX 300 MHz
superconducting NMR spectrometer (Bruker). Excitation
and emission band width were both set at 2 nm. All experi-
ments were carried out at room temperature (20 £ 1 °C).

Reagents

A stock solution of 1 x 107 mol/L Norfloxacin was
prepared by directly dissolving commercial Norfloxacin
(99.9%, purchased from Yunnan Gourmet Factory) in
water. The concentration of the Me-[-CD (purchased from
Nanjing Tcm Institute of Materia Medica,The degree of
substitution DS is 12.5) stock solution was 1 x 10~2 mol/
L. Phosphate buffer solution was used to adjust the pH-
value of the media. D,O was used as the solvent in
the NMR measurements. All other reagents were of
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analytical-reagent grade and were used without further
purification. Doubly distilled water was used throughout.

Procedure

A 1 mL aliquot of the Norfloxacin stock solution was
transferred into a 10 mL volumetric burette, then an
appropriate amount of 1 x 1072 mol/L Me-f-CD and
2 mL of 0.2 mol/L phosphate buffer solution were added.
The solution was diluted to a final of 10 mL with distilled
water. The final mixture solution was dissolved thoroughly
under ultrasonic for 30 min, and then equilibrated for
30 min at 20 £ 1 °C. The working solution was transferred
into a 1 cm x 1 cm quartz cell to record absorption and
fluorescence spectra. The fluorescence emission was
monitored at 420 nm and the excitation wavelength was
270 nm. Both the excitation and emission slits were set at
5 nm. All measurements of absorption and fluorescence
were made against a blank solution treated in the same way
but without Norfloxacin in a 1.0 cm quartz cell at different
pH.

NMR measurements

1 x 10™* mol/L Norfloxacin and 1 x 10~* mol/L Me-f-
CD solutions with a ratio of 1:1 was mixed thoroughly.
With D,O as solvent, 'H NMR and ROESY spectra were
obtained at 300.13 MHz with 10 ps as 90° pulse width. All
experiments were performed at 20 £+ 1 °C.

Results and discussion
Absorption study

Because Norfloxacin itself has definite acidity in specifi-
cally solution [33], different pH may affect the inclusion
process. So the inclusion process of Norfloxacin with
Me-f-CD was studied at different pH was studied. Figure 2
shows the absorption spectra of Norfloxacin in the
absence and presence of Me-f-CD at different pH at room
temperature. The maximum absorption wavelength of
Norfloxacin is 270 nm. The absorbance of Norfloxacin
increased with increasing concentration of Me-f-CD and
the absorption peak was slightly shifted, suggesting that a
stable complex was formed between Me--CD and
Norfloxacin.

Fluorescence study

Figure 3 shows that adding Me-$-CD to Norfloxacin
solution at pH 3.05 resulted in a significant enhancement of
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Fig. 2 The absorption spectra of Norfloxacin in the presence of Me-
p-CD at (a) pH 3.05, (b) pH 6.53 and (¢) pH10.53. From 1 to 7: the
concentration of Me-f-CD is 0-6 x 107> M

the fluorescence signal. The experiment was also per-
formed at pH 6.53 and 10.53. Very similar results were
obtained. Only the emission wavelength was pH

4000

3500 -

3000 A

2500 -

2000 A

Fluorescence intensity

1500

1000

500 -—
400 420 440 460 480 500

Wavelength(nm)

Fig. 3 Fluorescence spectra of Norfloxacin in the absence and
presence of Me-f-CD at pH 3.05. The concentration of Me-f-CD is
0-5 x 107> M from 1 to 6

dependent, being 420 nm at pH 3.05, 417 nm at pH 6.53,
and 416 nm at pH 10.53. These results suggest that the
inclusion complex was formed between Me--CD and
Norfloxacin. The Me-f-CD cavity provided an apolar
environment for the Norfloxacin molecule and the motion
of the Norfloxacin molecule in the cavity was largely
confined. Thus, the enhanced rigidity of the Norfloxacin
molecule resulted in an increase of its fluorescence quan-
tum yield.

Formation constants of Norfloxacin-Me-f-CD complex

The inclusion formation constant (K) is a measure of the
complexing power of CD. The formation constant and the
ratio of the complex can be obtained from fluorescence
data using the modified Benesi-Hildebrand equation (1)
[34, 35].

1/(F — Fy) = 1/([Me-B-CD|K ) + 1/ (1)

where, F is observed fluorescence intensity of the Nor-
floxacin solution at each Me-f3-CD concentration tested, F)
is the presents fluorescence intensity of Norfloxacin solu-
tion in the absence of Me-$-CD, K is the formation
constant of the complex, o is an instrumental constant. The
good linear relationship obtained when 1/(F — Fy) is
plotted against 1/[Me-f-CD] supports the existence of a 1:1
complex. The results were consistent with the observed
absorption results. The calculated formation constants at
different pH and the corresponding correlation coefficients
were listed in Table 1.
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As shown in Table 1, the formation constant values
were very sensitive to pH and increased in the order
K505 > Kgs3 > Kjps3. It can thus be concluded that
Me-f-CD is more suitable for inclusion of the Norfloxacin
molecule in acidic media. In basic media, the negatively
charged Norfloxacin with more hydrophilic character was
predominant, leading to the weaker interaction with
Me-f-CD.

"H NMR study

The formation of inclusion complex can be proved from
the changes of chemical shift in "H NMR spectra. Figure 4
illustrated the "H NMR spectra of Norfloxacin and the
complex of Me-f-CD with Norfloxacin.

The chemical shifts for the protons of Norfloxacin both
in the absence and presence of Me-f-CD are summarized
in Table 2. As can be seen in Table 2, H-1a, H-1b, H-5 and
H-8 of Norfloxacin experienced larger shifts because of the
diminished freedom of rotation caused by the penetration
of Norfloxacin molecule into the Me-f-CD cavity. In
contrast, H-7a and H-7b experienced smaller changes in

Table 1 The formation constants and the correlation coefficients of
Me-f-CD with Norfloxacin were calculated by fluorescence mea-
surement in different pH values

their chemical shifts, implying that part of the piperazine
ring might be outside the Me-5-CD cavitiy. Thus, it can be
inferred that the matrix structure of Norfloxacin entered
into the cavity of Me-f-CD.

2D NMR data

The 'H NMR results suggest a possible orientation of the
Norfloxacin molecule in the Me-f-CD cavity. In order to
prove the geometry of the inclusion complex of Nor-
floxacin with Me-f-CD, two-dimensional ROESY studies
were carried out to examine the configuration of Nor-
floxacin in the Me-f-CD cavity. Figure 5a shows a
partial contour plot of NOESY spectra of the Norfloxacin
complex with

Me-f-CD. There appear several intermolecular cross-
peaks between H-2, H-5 and H-8 of Norfloxacin and H-3
and H-5 of Me-f-CD, which might indicate that matrix
construction of the guest molecule was in the center of
Me-f-CD. As shown in Fig. 5b, only weak intermolec-
ular cross-peaks between Methyl group of Norfloxacin
and H-3, H-5 of Me-f5-CD were observed. Moreover, the

Table 2 Variation of H chemical shifts before and after inclusion

pH Linear equation KM™h R H la 1b 2 5 Ta b 8
3.05 y =2 x 107% 4 0.0415 2.075 x 10* 0.967 Norfoxacin ~ 4.573 1.147 8.152 7.499 3405 3.172 6.721
6.53 y=1x 10"x + 0.1315 1315 x 10* 0.9991 Inclusion 4510 1.188 8.186 7.584 3.410 3.175 6.781
10.53 y = 2x10"°x 4 0.0285 1.425 x 10° 0.9667 Ao —0.063 0.041 0.034 0.085 0.005 0.003 0.060
Fig. 4 '"H NMR spectra: top is

the inclusion complex of

Norfloxacin and Me-f-CD;

underside is the Norfloxacin

without Me-f-CD
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Fig. 5 2D NMR spectra of the Me-$-CD inclusion complex with
Norfloxacin

Fig. 6 The molecular model of the inclusion of Norfloxacin with Me-
p-CD

interaction observed for H-5 was greater than for H-3 of
Me-f-CD. These results indicated that matrix of the
guest molecule enters into the cavity of Me-f-CD from
the small ring-edge side of Me-f-CD, leaving the
piperazine ring out of the Me-S-CD cavity (shown in
Fig. 6). Combining fluorescence spectra with NMR data,
it can be concluded that Norfloxacin is closely included
into inner cavity of Me-f$-CD to form a supramolecular
system.

The related inclusion mechanism

The fluorescence characteristic of Norfloxacin was sensi-
tive to the pH value in media. As shown in the following
equilibrium equation, different forms of Norfloxacin are
known to exist as a function of pH, namely anionic, pro-
tonated and neutral species.

H, Lt = HL =L~

CH CHg
HN/\ H r ’ HN/H H r
K/NJr N OH" K/NJF N
|, = |
F F
o)
Oy~ o o
HN CH3 HN CH3
H d r
K/"” N OH K/N N
L o |
O o
F F
o o

Fig. 7 The equilibrium equation of Norfloxacin in different media
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Figure 7 shows that in acidic and neutral media, the posi-
tively charged and the neutral form of Norfloxacin are
predominant, respectively, while in basic media, Norflox-
acin exists mainly as the negative charged form.

The inclusion interactions are based on the simultaneous
cooperation of several weak interactions between host
(Me--CD) and guest (Norfloxacin), including dipole—
dipole, electrostatic, van der waals, hydrogen bonding, and
hydrophobic interaction [36, 37]. The Me-f-CD is not
charged (2 < pH < 11) and the major inclusion interac-
tions here include hydrophobic interactions between the
guest and the Me-f-CD cavity, and hydrogen bonding of
the guest to —OH groups on the Me-f-CD ring.

Conclusions

Absorption and fluorescence measurements have dem-
onstrated the inclusion complexation interaction between
Norfloxacin and Me-fS-CD. The major factors affecting
molecular recognition is size matching, between Me-f-
CD and guest, and the hydrophobic property of the guest
molecule. The obtained inclusion complex was more
stable under the acidic conditions, which can be attrib-
uted to the hydrophobic effect. The fluorescence results
showed that Norfloxacin formed a stoichiometric 1:1
complex with Me-f-CD over the concentration range
evaluated. In the present study we demonstrated that Me-
p-CD can be used as guest complexing agent, which
acted as substrate reservoir in a dosage-controlled man-
ner. And the inclusion process has been characterized,
demonstrating that Me-f-CD can be used as a drugs
carrier system.

Acknowledgement This work was supported by the national
Natural Science Foundation of Shanxi Province (No. 2006011017).

References

1. Lehn, J.M.: Supramolecular reactivity and catalysis. Appl. Catal.
A Gen. 113(2), 105-114 (1994)

2. Hamilton, T.D., Papaefstathiou, G.S., MacGillivray, L.R.: Tem-
plate-controlled reactivity: following nature’s way to design and
construct metal-organic polyhedra and polygons. J. Solid State
Chem. 178(8), 2409-2413 (2005)

3. Szejtli, J.: Introduction and general overview of cyclodextrin
chemistry. Chem. Rev. 5(23), 1743-1754 (1998)

4. Tang, J.-J., Love, L.J.C.: Formation constants of polynuclear
aromatic compounds and f-cyclodextrin inclusion complexes in
p-cyclodextrin modified mobile phase high performance liquid
chromatography system. Anal. Chim. Acta 344(1-2), 137-143
(1997)

5. Munoz de la Pena, A., Salinas, F., Gomez, M.J., Sanchez-Pena,
M., Duran-Meras, 1.: Host—guest stabilized room temperature

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

phosphorescence in f-cyclodextrin/bromoalcohol solutions from
2-naphthyl-oxy-acetic acid and 1-naphthyl-acetic acid. Talanta
40(11), 1657-1664 (1993)

. Muifioz de la Pena, A., Duran-Meras, 1., Salinas, F., Warner, .M.,

Ndou, T.T.: Cyclodextrin-induced fluid solution room-tempera-
ture phosphorescence from acenaphthene in the presence of 2-
bromoethanol. Anal. Chim. Acta 255(2), 351-357 (1991)

. Hergert, L.A., Escandar, G.M.: Spectrofluorimetric study of the

p-cyclodextrin-ibuprofen complex and determination of ibupro-
fen in pharmaceutical preparations and serum. Talanta 60(2-3),
235-246 (2003)

. Duran Meras, 1., Espinosa-Mansilla, A., Airado Rodriguez, D.:

Complexation study of cinalukast and montelukast with cyclo-
dextrines. J. Pharm. Biomed. Anal. 43(3), 1025-1032 (2007)

. Vincent, J.B., Vigh, G.: Nonaqueous capillary electrophoretic

separation of enantiomers using the single-isomer heptakis(2,
3-diacetyl-6-sulfato)- f-cyclodextrin as chiral resolving agent. J.
Chromatogr. A 816(2), 233-241 (1998)

Hurtubise, R.J.: Phosphorimetry. Theory instrumentation and
applications, pp. 320-328. VCH, New York (1990)
Lucas-Abella’'n, C., Fortea, 1., Lo’pez-Nicola’s, J.M., Nu'fiez-
Delicado, E.: Cyclodextrins as resveratrol carrier system. Food
Chem. 104, 39-44 (2007)

Szejeli, J.: Cyclodxtrin technology. Kluwer Academic Publishers,
Dordrecht (1998)

Duchene, D.: Proceeding of the Found International Symposium
on Cyclodextrins, pp. 265-275. Kluwer Academic Publishers,
Dordrecht (1988)

Kokkinou, A., Makedonopoulou, S., Mantzafos, D.: The crystal
structure of the 1:1 complex of f-cyclodextrin with trans-cin-
namic acid. Carbohydr. Res. 328, 135-140 (2000)

George, K., Willingham, V., Wu, H., Gridley, D., Nelson, G.,
Cucinotta, F.A.: Chromosome aberrations in human lymphocytes
induced by 250 MeV protons: effects of dose, dose rate and
shielding. Adv. Space Res. 30(4), 891-899 (2002)

Blyshak, L.A., Rollie-Taylor, M., Sylvester, D.W., Underwood,
A.L., Patonay, G., Warner, I.M.: Characterization of naphthoate
surfactants in normal and reverse micellar systems via lumines-
cence spectroscopy. J. Colloid Interface Sci. 136(2), 509-518
(1990)

Arancibia, J.A., Escandar, G.M.: Two different strategies for the
fluorimetric determination of piroxicam in serum. Talanta 60(6),
1113-1121 (2003)

Escandar, G.M., Gonzilez Gémez, D., Espinosa Mansilla, A.,
Muiioz de la Pefia, A., Goicoechea, H.C.: Determination of car-
bamazepine in serum and pharmaceutical preparations using
immobilization on a nylon support and fluorescence detection.
Anal. Chim. Acta 506(2), 161-170 (2004)

Betts, T.A., Catena, G.C., Huang, J., Litwiler, K.S., Zhang, J.,
Zagrobelny, J., Bright, F.V.: Fiber-optic-based immunosensors
for haptens. Anal. Chim. Acta 246(1), 55-63 (1991)

Zhu, X.X., Brizard, F., Piché, J., Yim, C.T., Brown, G.R.: Bile
salt anion sorption by polymeric resins: comparison of a func-
tionalized polyacrylamide resin with cholestyramine. J. Colloid
Interface Sci. 232(2), 282-288 (2000)

Amato, M.E., Carbone, D., Fisichella, S., Scarlata, G.: Infrared
and ultraviolet spectra of some (Z)-o-phenyl-f(2-thienyl) acrylo-
nitriles. Spectrochim. Acta Part A Mol. Spectrosc. 38(10), 1079-
1082 (1982)

Chen, C.L., Tan, M.J.: Effect of grain boundary character dis-
tribution (GBCD) on the cavitation behaviour during superplastic
deformation of Al 7475. Mater. Sci. Eng. A 338(1-2), 243-252
(2002)

Zhang, C., Shen, W., Wen, G., Chao, J., Qin, L., Shuang, S.,
Dong, C., Choi, M.M.F.: Spectral study on the interaction of



J Incl Phenom Macrocycl Chem (2008) 62:325-331

331

24.

25.

26.

217.

28.
29.
30.

cryptophane-A and neutral molecules CH,Cl, _ , (n =0, 1, 2).
Talanta 76(2), 235-240 (2008)

Haiyun, D., Jianbin, C., Guomei, Z., Shaomin, S., Jinhao, P.:
Preparation and spectral investigation on inclusion complex of
p-cyclodextrin with rutin. Spectrochim. Acta Part A Mol. Bio-
mol. Spectrosc. 59(14), 3421-3429 (2003)

Wang, W.J., Baldock, J.A., Dalal, R.C., Moody, P.W.: Decom-
position dynamics of plant materials in relation to nitrogen
availability and biochemistry determined by NMR and wet-
chemical analysis. Soil Biol. Biochem. 36(12), 2045-2058 (2004)
Lemaire, S., Van Bambeke, F., Tulkens, P., Glupczynski, Y.:
P703 Comparative activity of moxifioxacin vs. trimethoprim-
sulfamethoxazole, cloxacillin, linezolid, clindamycin, and cipro-
fioxacin against intracellular methicillin-sensitive and community-
acquired methicillin-resistant S. aureus. Int. J. Antimicrob. Agents
29(Suppl 2), S170 (2007)

Puglisi, G., Fresta, M., Giammona, G., Ventura, C.A.: Influence
of the preparation conditions on poly(ethylcyanoacrylate) nano-
capsule formation. Int. J. Pharm. 125(2), 283-287 (1995)
Matsushima, M.: Japan Patent 94(343), 419 (1994)

Microgenic Corp: EU Patent 301, 847 (1989)

Nelson, E.G., Hinojosa, R., Dayal, V.S.: Quantitative evaluation
of sensorineural structures following stapes surgery. Am. J.
Otolaryngol. 10(1), 13-25 (1989)

31.

32.

33.

34.

35.

36.

37.

Blyshak, L.A., Warner, .M., Patonay, G.: Evidence for non-in-
clusional association between w«-cyclodextrin and polynuclear
aromatic hydrocarbons. Anal. Chim. Acta 232, 239-243 (1990)
Waxman, E., Rusinova, E., Hasselbacher, C.A., Schwartz, G.P.,
Laws, W.R., Ross, J.B.A.: Determination of the tryptophan:
tyrosine ratio in proteins. Anal. Biochem. 210(2), 425-428 (1993)
Hanwen, S., Pan, H., Yunkai, L., Xiaoli, Z., Shuxuan, L.:
Simultaneous determination of ciprofloxacin, ofloxacin and nor-
floxacin in  pharmaceutical preparations by capillary
electrophoresis. Chem. J. Internet. 8(5), 32-33 (2006)

Wang, J., Warner, LM.: Studies of the naproxen: S-cyclodextrin
inclusion complex. Microchem. J. 48, 229-239 (1993)

Ghosh, A.K.: Spectrophotometric study of molecular complex
formation of asphaltene with two isomeric chloranils. Fuel 84
(2-3), 153-157 (2005)

Inoue, Y., Hakuhsi, T., Liu, Y., Tong, L.J., Shen, B.J., Jin, D.S.,
Am, J.: Computer simulations on the electrical resistivities of
metallic superlattices based on simple model. J. Magnetism.
Magnetic. Mater. 126(1-3), 475-478 (1993)

Inoue, Y., Liu, Y., Zhong, L.H., Shen, B.J., Jin, D.S., Am, J.: Arti-
ficial control of catalytic activity of Pd by a shear horizontal surface
acoustic wave. Stud. Surf. Sci. Catal. 75(2), 1839-1842 (1993)

@ Springer



	Investigation on the inclusion behavior of Norfloxacin �with 2-methyl-&bgr;-cyclodextrin
	Abstract
	Introduction
	Experimental
	Apparatus
	Reagents

	Procedure
	NMR measurements

	Results and discussion
	Absorption study
	Fluorescence study
	Formation constants of Norfloxacin-Me-&bgr;-CD complex
	1H NMR study
	2D NMR data
	The related inclusion mechanism

	Conclusions
	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


