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Abstract A molecularly imprinted polymer (MIP), with
special molecule recognition properties of ciprofloxacin
(CIP), was prepared by thermal polymerization in which
ciprofloxacin acted as template molecule, a-methacrylic
acid (MAA) acted as functional monomer and trimethy-
lolpropane trimethylacrylate (TRIM) acted as crosslin-
ker. The optimized ratio was determined to be n(CIP): n
(MMA):n(TRIM) = 1:6:16 by investigation of the effects
of different concentrations of functional monomer and
the crosslinker on the MIP’s recognition properties.
Equilibrium binding experiment was used to investigate
the adsorption dynamics, the binding ability to template
molecule and the substrate selectivity. Scatchard analysis
was used to study the MIP’s binding characteristic to tem-
plate molecule. The results indicated that MIP has higher
adsorption ability and selectivity. The equilibrium distri-
bution coefficient Kp was 41.64 and the separation factor
o was 1.62. Scatchard analysis showed that two different
kinds of binding sites were produced in the polymer
matrix and their dissociation constants were calculated
to be Kq; =5.249 x 107° mol-L™'", K4, =2.237 x
10~ mol-L™".

Keywords molecularly imprinted polymer, ciprofloxa-
cin, adsorption characteristic

Molecular imprinting technology (MIT) refers to the pre-
paration of a polymer with special recognition properties
of a specific target molecule (template molecule,
imprinted molecule) [1]. Wulff [2] gave the first report of
a synthetic molecularly imprinted polymer in 1972, and
Mosbach [3] issued a molecularly imprinted polymer of
theophylline which was prepared under the intermolecu-
lar interaction principle in Nature in 1993. Since then the
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molecular imprinting technique started to develop flour-
ishingly. Molecularly imprinted polymers prepared
through MIT have many characteristics, such as high
affinity and selectivity, strong ability in an anti-adverse
environment, good stability, long service life, wide
application range and so on; they have been used in many
fields, including chromatographic analysis [4,5], solid
phase extraction [6,7], biosensors [8,9], membrane techno-
logy [10,11] and so on.

Quinolones (QNs), which have undergone rapid
development in the past 20 years, are a kind of important
broad-spectrum antibiotics. They are used extensively for
treatment, prevention and growth promotion [12]. As one
of the most representative third-generation quinolones,
ciprofloxacin has excellent antibacterial activity. Thus
far, cyclopropyl has been considered as the best 1-sub-
stituent. This change in structure is significant in the his-
tory of the development of quinolone antibiotics [13].
Close attention has been widely paid to the residue prob-
lem, such as drug resistance of pathogenic bacteria and
potential carcinogenicity of some quinolones [12-14], but
it is difficult to analyze the residue of QNs accurately due
to severe matrix interferences and low levels of drug res-
idue. The authors wish, through this paper, to achieve the
elimination of matrix interference and establish effective
purification by using MIP with special recognition prop-
erties. Caro and Marcé [15,16] synthesized an MIP using
ciprofloxacin and enrofloxacin as template molecules,
respectively, by non-covalent ways. By using the MIP,
they separated ciprofloxacin and enrofloxacin from
human urine and pig liver through a two-step solid phase
extraction method and got good purification results.
Based on references [17-20], we synthesized an MIP with
recognition properties by using ciprofloxacin (CIP) as
template molecule and trimethylolpropane trimethylacry-
late (TRIM) as crosslinker. In order to greatly reduce the
amount of crosslinker while keeping the crosslinking
degree unchanged, the larger number of binding sites
per unit mass of MIP was thus adopted. The effects of
different concentrations of functional monomers and
crosslinker on the MIP’s recognition properties were
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investigated. The optimized ratio of the polymerization
was experimentally determined. Equilibrium binding
experiment was used to investigate the adsorption
dynamics, the binding ability to the template molecule,
and the substrate selectivity. Scatchard analysis was used
to study the MIP’s binding characteristic of the template
molecule. This paper provides a basis for the residue ana-
lysis of ciprofloxacin in biological samples.

1 Experimental
1.1 Instruments and chemicals

TU-1810 UV-Vis Spectrophotometer (Beijing Purkinje
General Instrument Co., Ltd); LG10-2.4A Centrifuge
(Beijing Lab Centrifuge Co.,Ltd); THZ-82 Vibrator with
Homothermal Water Bath (Changzhou Guohua Electric
Appliance Co., Ltd); KQ-250B Ultrasonic Cleaner
(Kunshan Ultrasonic Equipment Co., Ltd); BF-2000M
Nitrogen Evaporator (Beijing Bafang Century Tech-
nology Co., Ltd).

Ciprofloxacin (CIP), Levofloxacin (LVFX)(Beijing
Institute for the Control of Pharmaceutical and Biological
Products); a-Methylacrylic Acid (MAA), Trimethy-
lolpropane Trimethylacrylate (TRIM), Methylbenzene;
Methanol, Acetic Acid, all analytically pure, were obtained
from Tianjin; Azobisisobutyronitrile (AIBN, chemically
pure, Shanghai).

1.2 Preparation of MIP of ciprofloxacin

0.331 g CIP (template molecule) and a certain amount
MAA (functional monomer) were weighed into a flask,
dissolved in 6 mL methylbenzene, and finally ultrasoni-
cated to ensure complete association. TRIM (a certain
amount) and AIBN (0.056 g) were added to the flask
and the mixture was subjected to further ultrasonication.
The flask was flushed with nitrogen and sealed immedi-
ately, and then left to polymerise in a water bath at 60°C
for 24 h. The resultant white rod polymer was crushed,
ground and then sifted through sieves with mesh sizes of
200-300 to obtain polymer particles with diameters
between 54 and 74 um. The material was washed with
methanol-acetic acid (8:2 V/V) solution under ultrasonica-
tion in order to eliminate template molecules. After ultra-
sonication, the mixture was centrifuged and the
supernatant was removed. The washing procedures were
repeated until no template molecule in the supernatant
could be detected via UV-Vis spectrophotometer. After
that, methanol was used to wash the particles until pH 7.
The MIP was obtained by drying at room temperature.

A non-imprinted, control polymer (NIP) was prepared
in the same way as the MIP, except for the absence of
ciprofloxacin.
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1.3 Determination of adsorption properties

Aliquots of MIPs of ciprofloxacin (50 mg) were weighted
respectively and put into several 25 mL colorimetric
tubes, and then a series of aqueous solutions (5 mL) with
different substrates were added. The tube was put in a
25°C water bath and homothermally vibrated for a few
minutes. After vibration, the supernatant was used to ana-
lyze the concentrations of substrates by UV spectropho-
tometry. The calculation of the adsorption capacity of
every polymer was based on the concentration change
before and after the adsorption.

2 Results and discussion
2.1 Optimization of polymerization conditions

2.1.1 Effect of concentration of crosslinker on
properties of MIP

We had tried to synthesize the MIP with the condition that
the molar ratio of TRIM to CIP was 4:1. However, the
polymer obtained appeared very soft due to the small
amount of crosslinker. The diameter of the polymer was
below 54 pum ever after, and the polymer was only slightly
ground. As shown in Fig. 1, the binding capacity of MIP
increased first with the increasing of the amount of TRIM,
reached the maximum when n(TRIM):n(CIP) = 16:1, and
then decreased gradually after that. The explanation is as
follows: As the amount of crosslinker was small, although
the long free polymer chains with few crosslinking sites were
of large pore diameters and low mass transfer resistance, the
aggregation morphology of the polymer would have an
adjustment after elution, and the polymer could not main-
tain the original shape and size of its cavities. This changed
the binding sites and resulted in bad binding effects for
ciprofloxacin. An increased amount of crosslinker would
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Fig. 1 Effect of different concentrations of cross-linker on
the binding capacity of MIP
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enhance the rigidity of the polymer and reduce the swelling
in different solvents. However, the pore diameter would
become smaller although the formed pore structure was
more stable when excessive crosslinker was used. The mass
transfer of the imprinted molecule in the polymer system
would be hindered by a highly crosslinked net and the
imprinted molecule could not get into the interior of the
polymer so that they could not be bound with recognition
sites, resulting in a decrease of the binding properties. After
optimization, when n(TRIM) : n(CIP) = 16: 1, the prepared
polymer has a moderate crosslinking degree and rigidity
and shows the best binding characteristics for ciprofloxacin.

2.1.2 Effect of concentration of functional monomer on
MIP properties

Ciprofloxacin belongs to the pyridonecarboxylic acids; it
has two ionizable functional groups, i.e. an acidic carboxyl
group and an alkaline piperazine group. It could be con-
cluded that there were hydrogen bonding and ionic inter-
actions between CIP and MAA. The effect of the amount of
MAA on MIP properties can be seen in Fig. 2. When a low
concentration of functional monomer was used, only a
small portion of CIP could form stable complexes with
MAA, and most of the CIP molecules were still in the free
state. Under such a condition, the density of the formed
stereo cavities which could match with the structure of
CIP was low and the recognition sites were small; therefore,
the binding capacity was low. With the amount of func-
tional monomer being increased, the self-assembly between
CIP and MAA could be performed more sufficiently. More
stable complexes could be formed, and more stereo cavities
matching the structure of CIP could be obtained and the
adsorbance increased. The Q-value reached maximum
when n(MAA):n(CIP)=6:1. If the ratio of functional
monomer to CIP increased continuously, excess MAA
could be left in the MIP. This could make the freely dis-
tributed -COOH group increase. In the process of recog-
nition, MAA would interact with CIP in a non-spatial
specific form and compete with the imprinting recognition
interaction in the MIP. Moreover, the excess functional
monomer would also initiate self-association, and this
would result in the decrease of selective recognition sites
and decreased Q-value.

In conclusion, after the experiment, the ratio of n(CIP):
n(MAA):n(TRIM) was optimized as 1:6:16.

2.2 Binding kinetics of MIP

To determine the binding rates of MIP for CIP, an equi-
librium binding experiment was adopted to detect the
binding capacity of MIP with CIP in the solution of CIP
under different times at 25°C. The obtained adsorbance-
time curve is shown in Fig. 3.

As shown in Fig. 3, the adsorbance of all samples
increased rapidly in the first 2 h with the adsorbance
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Fig. 2 Effect of different concentrations of functional mono-
mer on binding capacity of MIP
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Fig. 3  Effect of adsorption time on amount of adsorption

covering 82% of the total adsorption, and then increased
at a much slower rate with prolonged time. After 8§ h, the
adsorption process reached equilibrium and the ratio of
adsorbance to total adsorption was 94%. The reason for
this is that the stereo cavities in MIP formed by the cross-
linker and the functional monomer distributed at different
depths. In the early stage, the adsorption for template
occurred mainly on the outer surface of particles and
therefore the binding rate of adsorption was fast.
However, when the binding on the outer surface reached
saturation, the template molecule diffused inward
through pore canals and then was adsorbed. Because the
adsorption rate was affected by the mass transfer resist-
ance, the binding rate was decreased. It is shown via the
decreased slope of the adsorption curve. After 8 h, the
process reached adsorption equilibrium.

2.3 Equilibrium adsorption experiment

The static equilibrium adsorption experiments for the
imprinted and non-imprinted polymers were carried out
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by varying the initial concentration of ciprofloxacin in the
range of 0.1-4 mmol-L~'. The adsorption isotherms are
shown in Fig. 4.
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Fig. 4 The adsorption equilibrium isotherms of MIP and
NIP for CIP

It can be seen from the curve in Fig. 4 that, the adsor-
bance of MIP increased with increasing of the initial con-
centration, and the adsorbance of NIP reached saturation
when the initial concentration of CIP was beyond
1 mmol-L~'. Obviously, the adsorbance of MIP was big-
ger than that of NIP, which indicated that the cavities
formed on MIP by selective bonding and the active bind-
ing sites in cavities determined that high affinity and spe-
cific recognition of MIP on the template were much larger
than the non-selective bonding interaction.

In studies on molecule imprinting, the Scatchard Model
was often used to evaluate the binding characteristics of
MIP, and the Scatchard equation can be described as [21]

Q/Ccip = (Omax — Q) /Ka (1)

where Kj is the dissociation constant of the binding site,
Omax 18 the maximum binding capacity of the binding site,
and Ccip is the equilibrium concentration of the substrate
in the supernatant.

O/Ccrp was plotted versus Q in Fig. 5. As shown in
Fig. 5, O/Ccip versus Q shows an apparent nonlinear rela-
tionship. It illustrates that the binding sites of MIP for
CIP were heterogeneous, but there were good linear rela-
tionships at both ends of the graph. According to this, it
can be concluded that there existed two classes of binding
sites with different affinities in the range of the different
concentrations. It is probably because there were various
interactions between the functional monomers and
imprinted molecules, and the interactions formed many
kinds of complexes with different components. Various
complexes have binding sites with different properties
after polymerization. The data can be fitted according
to the two sections of the linear relationship to get the
fitting linear equation: the higher affinity binding site

381

Q/C=1314.054 — 19.051Q (correlation coefficient R =
0.978) and the lower affinity binding site Q/C=
44.158 — 0.447Q (correlation coefficient R = 0.964). K4,
=5249 x 10° mol'L™", Quax1 = 16.5 pmol-g™"; Ky =
2.237 x 107> mol'L™", Qmax2 = 98.8 umol-g~' can be cal-
culated from the slope and intercept of the linear equation.
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Fig. 5 Scatchard plot of MIP

For the MIP with different binding sites, there were
errors in the analysis with the Scatchard Model.
Therefore, a Multi-Point Model was used to get the data
fitted according to the Multi-Point Model Formula [22]:

0= Omax,1Ccrp/ (Kg1 + Ccrp) + Omax 2 Cerp / (Ka2 + Cerp) (2)

By substitution of the dissociation constant of the
Scatchard Model into the Multi-Point Model Formula,
curve fitting was done and the result is shown in Fig. 6.
The obtained fitting curve fitted well with the experi-
mental results.
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Fig. 6 Non-linear fitting for the multi-binding model
2.4 Studies on the selectivity of MIP
An equilibrium binding experiment was used to determine

the binding capacity of MIP and NIP for substrates by
choosing CIP and LVFX, with similar structure to CIP, as
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substrates. The binding capacity was characterized by dis-
tribution coefficient Kp and separation factor o [23] of
equilibrium adsorption.

The definition of distribution coefficient Ky was
described as:

Kp=Gp/C 3)

where Cp is the concentration of substrates on polymer
(umol/g polymer), Cs is the concentration of substrates in
solution (umol/mL).

The definition of separation factor o was described as:

OCZKD,'/KDJ' (4)

where 1 and j represent the template molecule and sub-
strate, respectively, « =1 when I=j. The experimental
results are shown in Table 1.

Table 1 Adsorption amount Q, distribution coefficient Kp and
separation factor o of CIP and LVFX on MIP and NIP

MIP NIP

Q/(pmol-g™") Kp/(mL-g™') o Q/(umol-g™") Kp/(mL-g™") o

29.4 41.64 1 21.4 27.24 1
21.4 25.66 1.62 19.6 22.86 1.19

CIP
LVFX

As shown in Table 1, the adsorption amount and dis-
tribution coefficient of MIP on substrates were larger than
that of NIP. It revealed that the MIP has an apparent
imprinting effect on the template molecule. There were
functional groups bound with CIP and cavities in special
shapes complemented with the structure of CIP. Both of
them determined the selective binding properties of MIP
on the template molecule. Nevertheless, the functional
groups in NIP distributed at random and there were no
molecular recognition sites complemented with the tem-
plate molecules. Therefore, NIP showed no specific recog-
nition properties on template molecules. It further
suggested that the imprinting effect of the template mole-
cule plays a very important role in the preparation of
MIP.

3 Conclusion

The MIP was prepared by MIT with ciprofloxacin as tem-
plate. The polymers showed high adsorption ability and
selective recognition property for ciprofloxacin. The
adsorption amount Q was 29.4 umol-g™' and separation
factor o was 1.62. The polymers have advantages of strong
thermal stability, high mechanical stability and long-term
usage. These polymers can be used as potential solid phase
extractants to recognize, separate and enrich the cipro-
floxacin in animal-origin foods. This was convenient for
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the detection of CIP. It provided a new approach for
selective enrichment and analysis of CIP in biological
samples with a complex matrix.

References

1. Jiang Zhongyi, Wu Hong. The molecular imprinting tech-
nique. Beijing: Chemical Industry Press, 2003. 1 (in Chinese)
2. Wulff G, Sarhan A, Zabrocki K. Enzyme-analogue built poly-
mers and their use for the resolution of racemates.
Tetrahedron Lett, 1973, 14(44): 43294332
3. Vlatakis G, Andersson L I, Muller R, Mosbach K. Drug assay
using antibody mimics made by molecular imprinting. Nature,
1993, 361: 645-647
4. Wulff G, Vesper W. Preparation of chromatographic sorbents
with chiral cavities for racemic resolution. J Chromatogr,
1978, 167: 171-186
5. Sambe H, Hoshina K, Haginaka J. Molecularly imprinted
polymers for triazine herbicides prepared by multi-step swell-
ing and polymerization method: Their application to the deter-
mination of methylthiotriazine herbicides in river water. J
Chromatogr A, 2007, 1152(1-2): 130-137
6. Sellegren B. Direct drug determination by selective sample
enrichment on an imprinted polymer. Anal Chem, 1994,
66(9): 1578-1582
7. Beltran A, Caro E, Marcé R M, Cormack P A G, Sherrington
D C, Borrull F. Synthesis and application of a carbamazepine-
imprinted polymer for solid-phase extraction from urine and
wastewater. Anal Chim Acta, 2007, 597(1): 6-11
8. Tabushi I, Kurihara K, Naka K, Yamamura K, Hatakeyama
H. Supramolecular sensor based on SnO, electrode modified
withoctadecylsilyl monolayer having molecular binding sites.
Tetrahedron Lett, 1987, 28(37): 4299-4302
9. Wang Wen, He Shitang, Li Shunzhou, Liu Minghua, Pan
Yong. Enhanced sensitivity of SAW gas sensor coated mole-
cularly imprinted polymer incorporating high frequency
stability oscillator. Sensors and Actuators B: Chemical, 2007,
125(2): 422-427
10. Hedborg E, Winquist F, Lundstrom I, Andersson L I,
Mosbach K. Some studies of molecularly-imprinted polymer
membranes in combination with field-effect devices. Sensors
and actuators A: Physical, 1993, 37-38: 796-799
11. Lin HY, Rick J, Chou T Ch. Optimizing the formulation of a
myoglobin molecularly imprinted thin-film polymer-formed
using a micro-contact imprinting method. Biosensors and
Bioelectronics, 2007, 22(12): 3293-3301
12. Li Junsuo, Qiu Yueming, Wang Chao. Drug residue analysis.
shanghai: shanghai scientific and technical publishers, 2002. 257
13. Liu Mingliang. The evolvement of Quinolones. World notes
on antibiotics, 2006, 27(2): 69-75
14. Andreu V, Blasco C, Picd Y. Analytical strategies to determine
quinolone residues in food and the environment. Trends Anal
Chem, 2007, 26(6): 534-556
15. Caro E, Marcé R M, Cormack P A G, Sherrington D C,
Borrull F. Direct determination of ciprofloxacin by mass spec-
trometry after a two-step solid-phase extraction using a mole-
cularly imprinted polymer. J Sep Sci, 2006, 29(9): 1230-1236
16. Caro E, Marcé R M, Cormack P A G, Sherrington D C,
Borrull F. Novel enrofloxacin imprinted polymer applied to
the solid-phase extraction of fluorinated quinolones from
urine and tissue samples. Anal Chim Acta, 2006, 562(2):
145-151
17. Sun Hui, Dong Xiangchao, Lii Xianyu, Wang Haibo, Han
Jianfang. Separation and determination of fluoroquinolones



Synthesis and characterization of molecularly imprinted polymers for recognition of ciprofloxacin

18.

19.

20.

with a molecularly imprinted polymer. Chinese Journal of
Chromatography, 2003, 21(3): 233-238

Du Xiaoyan, Peng Tao, Li Junsuo. Preparation and binding
characteristics of molecularly imprinted oolymers for saraflox-
acin. Chinese Journal of Analytical Chemistry, 2003, 31(6):
720-722 (in Chinese)

Bing Naci, Xu Zhenliang, Yang Zuoguo, Wang Xuejun, Feng
Jianli. Characteristics of levofloxacin imprinted polymers pre-
pared via thermal polymerization method. Chinese Journal of
Applied Chemistry, 2006, 23(10): 1085-1089 (in Chinese)
Gao Jungang, Liu Zhanli, Liu Pengyan, Jiang Ning,
Preparation of MAA/TRIM molecularly imprinted polymers

21.

22.

23.

383

and binding selectivity for ciprofloxacin. Chemical Journal on
Internet, 2007, 2: 6

Yanmamura H I, Kuhar M J. Neurotransmitter receptor bind-
ing. New York: Raven Press, 1985. 485-489

Ramstrom O, Anderson I, Mosbach K. Recognition sites
incorporating both pyridinyl and carboxy functionalities pre-
pared by molecular imprinting. J Org Chem, 1993, 58(26):
7562-7564

Wulff G, Vesper W, Grobe-Einsler R, Sarhan A. Enzyme-ana-
logue built polymers, 4) on the synthesis of polymers contain-
ing chiral cavities and their use for the resolution of racemates.
Makromol Chem, 1977, 178: 2799-2816




<<
  /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


