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Abstract

Objectives: Biopsymorphology (surface/depth ratio) and
sample processing might affect pharmacological mea-
surements in peritoneal tissue.
Methods: This is an ex-vivo study on inverted bovine uri-
nary bladders (IBUB). We compared cisplatin (CIS) and
doxorubicin (DOX) concentration in 81 standardized trans-
mural punch biopsies of different diameters (6 and 12 mm).
Then, we assessed the effect of dabbing the peritoneal
surface before analysis. After automatized tissue homoge-
nization with ceramic beads followed by lyophilisation,
DOX concentration was quantified by high-performance
liquid chromatography (HPLC), CIS concentration by atomic
absorption spectroscopy. Experiments were performed in
triplicate; the analysis was blinded to the sample origin.
Comparisons were performed using non-parametric tests.
Results: Concentrations are given in mean (CI 5–95%).
Results were reproducible between experiments (for CIS
p=0.783, for DOX p=0.235) and between different locali-
zations within the IBUB (for CIS p=0.032, for DOX
p=0.663). Biopsy diameter had an influence on CIS tissue
concentration (6 mm biopsies: 23.2 (20.3–26.1), vs. 12 mm
biopsies: 8.1 (7.2–9.2) ng/mg, p<0.001) but not on DOX:
(0.46, 0.29–0.62) vs. 0.43 (0.33–0.54) ng/mg respectively,
p=0.248). Dabbing the peritoneal surface reduced DOX

tissue concentration (dry biopsies: 0.28 (0.12–0.43) vs.
wet biopsies: 0.64 (0.35–0.93) ng/mg, p=0.025) but not
CIS (23.5 (19.0–28.0) vs. 22.9 (18.9–26.9) ng/mg, respec-
tively, p=0.735).
Conclusions: Measurements of drug concentration in
peritoneal tissue can be influenced by the biopsy’s surface/
depth ratio and after drying the biopsy’s surface. This
influence can reach a factor three, depending on the drug
tested. The biopsy technique and the pre-analytical sample
preparation should be standardized to ensure reliable
pharmacological measurements in peritoneal tissue.
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Introduction

Studies on peritoneal metastasis (PM) and its treatment
aim to improve the life expectancy and quality of affected
patients. New therapies such as cytoreductive surgery,
targeted agents, and locoregional chemotherapy have
been shown to prolong survival [1, 2]. The importance of
complete macroscopic cytoreductive surgery (CRS) has
been increasingly recognized because of the limited drug
availability in the tumor nodules [3–5]. A randomized
phase 3 trial showed significant benefit in recurrence-free
and overall survival when Hyperthermic IntraPeritoneal
Chemotherapy (HIPEC) was added to interval CRS in pa-
tients who were not eligible for primary surgery because
of the extent of their disease [6]. However, whereas
the role of optimal cytoreductive surgery was confirmed,
a survival benefit of additional HIPEC could not be
demonstrated in colorectal cancer [7]. Thus, there is a
need for optimizing drug delivery techniques for intra-
peritoneal chemotherapy.

An innovative drug delivery technique, Pressurized
IntraPeritoneal Chemotherapy (PIPAC) has been shown to
improve drug availability in peritoneal tissue. By applying
an artificial hydrostatic pressure, PIPAC increases the depth
of tissue penetration compared to conventional intra

*Corresponding author: Arianna Castagna, MD, Department of
General, Visceral and Transplant Surgery, University of Tübingen,
Tübingen, Germany; and National Center for Pleura and Peritoneum
(NCPP), University Hospital, Tübingen Hoppe-Seyler Str. 3, 72076
Tübingen, Germany, Phone: 07071 29 86722, Fax: 07071 29 8855,
E-mail: Arianna.castagna@med.uni-tuebingen.de. https://orcid.org/
0000-0003-1634-7466
Iaroslav Sautkin, Frank-Jürgen Weinreich, Hannah Heejung Lee,
Alfred Königsrainer, Marc André Reymond and Giorgi Nadiradze,
Department of General, Visceral and Transplant Surgery, University of
Tübingen, Tübingen, Germany; and National Center for Pleura and
Peritoneum, Comprehensive Cancer Center Tübingen – Stuttgart
(CCC-TS), Tübingen, Germany

Pleura and Peritoneum 2021; 6(3): 131–136

Open Access. © 2021 Arianna Castagna et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0
International License.

https://doi.org/10.1515/pp-2020-0151
mailto:Arianna.castagna@med.uni-tuebingen.de
https://orcid.org/0000-0003-1634-7466
https://orcid.org/0000-0003-1634-7466


peritoneal chemotherapy with liquids [3, 8]. In contrast to
HIPEC, PIPAC can be repeated, and its therapeutic effect can
be assessed objectively by comparing tumor biopsies taken
at each cycle, for example, by using a dedicated tumor
regression grading [9]. The druguptake increases after every
application in the tumor and in the ascites [3, 5, 10].

Representative models of the peritoneal tissue are
required for optimizing drug distribution. Schnelle et al. [11]
introduced a simple ex-vivomodel of the peritoneal surface,
enabling pharmacological studies. This model has been
further developed to allow real-time measurement and
differentiates between tissue uptake from an aerosol vs. a
liquid [12]. In this ex-vivomodel,multiple tissuebiopsies are
taken for pharmacological measures; however, there is no
data on pre-analytical steps and their influence on drug
concentration values. For example, it can be hypothesized
that the drug concentration will be maximal at the surface
of a biopsy and diminish with distance from this surface.
Thus, the geometry of the biopsy, defined as the ratio be-
tween the exposed surface and the depth, might influence
pharmacological results. Another possible bias would be a
chemotherapy film remaining at the surface of the biopsy,
with no chemotherapy taken up into the tissue. In such
case, tissue drug concentration would be artificially high.

This methodological study focuses on the influence of
pre-analytical steps on biopsy measurements of drug
concentration in peritoneal tissue. Specifically, we exam-
ined the tissue concentration of two different chemother-
apeutic drugs (cisplatin [CIS] and doxorubicin [DOX]) in
standardized biopsies with increasing diameter. Then, we
examined the effect of drying the biopsy surface.

Materials and methods

Design

This is a pharmacological experimental study in an ex-vivo model,
examining the concentration of two chemotherapeutic drugs (CIS and
DOX) in peritoneal tissue biopsies depending on pre-analytical
aspects. In the first experiment, we compared the influence of
the sample geometry by measuring the tissue drug concentration of
punch biopsies of increasing diameter. In the second experiment, we
compared drug tissue concentration with or without dabbing the
superficial fluid layer on the exposed peritoneal surface.

Sample size

We calculated the sample size needed based on pilot data (d/S)
generated by Sautkin et al. [12]. Assuming an Alpha error of 0.05 and a
power of 0.8, at least six probes/group are needed to reach statistical

significance. We took nine biopsies from each organ to increase the
confidence in our results.

Ethical and regulatory background

No human material or living animals were employed for this study.
The fresh bladders were purchased from a slaughterhouse, where the
animals were bred for alimentary purposes. Thus, under German law,
no authorization of the Institutional Review Board or the Animal
Protection Committee was required.

Occupational health and safety

The tested drugs are chemotherapeutics, which have a high toxicity
potential and could be harmful to involved people. The two cytotoxic
drugs used in the experiment are Cisplatin Teva® (Teva, Ulm, Ger-
many) and Doxorubicin HCl Teva® (Teva, Ulm, Germany). The safety
of NCPP laboratories was audited successfully in fall 2016. People
involved received safety training. Experiments were performed in
a class-3 safety hood (Maxisafe 2000, ThermoFisher Scientific,
Dreieich, Germany) certified to manipulate chemotherapeutic drugs.
Potential contamination of the air and surfaces was monitored by an
external, independent institution (DEKRA, Stuttgart, Germany).

Ex-vivo model

The enhanced Inverted Bovine Urinary Bladder (eIBUB) model has
been described elsewhere [12]. Shortly, the bovine urinary bladder is
an intraperitoneal organ covered mainly by peritoneum. After inver-
sion, the bladder offers a volume similar to the human abdomen, with
its inner surface linedwith peritoneum. Fresh bladders were delivered
on ice right before the beginning of the experiments. Each bladderwas
dissected, cleaned up and inverted (inside-out). A 12 mm balloon
trocar (Kii®, Applied Medial, Düsseldorf, Germany) was introduced
through the bladder neck and secured with a tight Mersilene® suture.
A silicone tube was sewed on the bladder bottom to evacuate in real-
time the liquid dripping down. The eIBUB was inflated with CO2 at a
pressure of 12–15 mmHg. A solution containing 2.7 mg DOX in 50 mL
NaCl 0.9% and 13.5mg CIS in 150mLNaCl 0.9%was aerosolized at the
temperature of 20–24 °C. After 30min exposition, the toxic aerosolwas
safely released, and the eIBUB opened.

Biopsies

In the first experiment, three punch biopsies of increasing diameter (6
and 12 mm) were taken at the top, middle, and bottom of the eIBUB,
resulting in 3 × 3 × 2 = 18 biopsies/bladder. The biopsies were sampled
perpendicular to the surface. This process was repeated in three
eIBUB, resulting in a total of 27 biopsies/group, in total 54 biopsies.

In the second experiment, two 12 mm punch biopsies were
sampled at nine different localizations (3× top, 3× middle, and 3×
bottom) of three eIBUB, resulting in 54 biopsies. The surface of every
second biopsy was dabbed with soft tissue, resulting in 27 “wet” and
27 “dry” biopsies (Figure 1: Study flow).

To reduce analytical costs, we used the 12 mm, wet biopsies for
both experiments. All biopsies were immediately frozen and stored
at −80 °C.
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Sample preparation

Sample preparation has been described elsewhere [13]. Shortly,
biopsies were allowed to thaw at room temperature (RT) under a
cytostatic hood. The biopsies were transferred into labeled 2 mL vials
and kept at +4 °C in a fridge before lyophilization. Then, vials were
placed into a Speedvac device (S-Concentrator, BA-VC-300H; H. Saur,
Laborbe-darf, Reutlingen, Germany) and centrifuged under vacuum
overnight (1,000 rpm; 100 mbar) at RT. The dry pellets were weighed
on a high accuracy scale (R180D; Sartorius, Germany) for later
normalization. Then, the dry pellets were rehydrated with 1.5 mL of
sterile distilled water (Ampuwa, Fresenius KABI, Homburg, Germany)
and homogenized using a homogenizer (TissueLyser LT; QIAGEN
GmbH, Hilden, Germany). Shortly after, the sample material and
ceramic beads were placed together into 2 mL ceramic tubes (Ceramic
Bead Tubes Kit; QIAGEN GmbH, Hilden, Germany) and shaken in a
vertical position (50Hz, 3,000 oscillations/min) for 1 h at RT. Then, the
tubes were placed into an ultrasounication device (Elmasonic S30H;
Singen, Germany) for 10 min at RT. Finally, the tubes were mixed on a
vortex mixer for 30 s, centrifuged for 10 min (5417R, 9,000 rpm;
Eppendorf, Hamburg, Germany) at RT and stored at −80 °C.

Drug concentration measurements

The deep frozen probes were sent for the analyses to a GLP certified
laboratory (MVZ Dr. Eberhard & Partner Dortmund (ÜBAG), Dort-
mund, Germany). The laboratory worked in blind for the variant
“sample identity”. The tissue concentration of DOX was measured by
high performance liquid chromatography (HPLC; Waters Fluores-
cence Detector 2475, Waters Inc., Milford, MA), with a serum lower
level of quantification (LLoQ) of 5 ng/mL. Pre-analytical validation
proved a linear range of measurements in 5% glucose matrix between

0.1 and 10,000 μg/mL DOX and established no influence of organic
matrices. The CIS concentration was quantified by atomic absorption
spectroscopy (AAS; ZEEnit P 650, Analytic Jena AG, Jena, Germany).
Pre-analytical validation proved a linear range ofmeasurements in 5%
glucose matrix between 0.1 and 100 μg/mL platinum, and established
no influence of organic matrices.

Statistical analyses

Descriptive statistics for quantitative data are given as mean and
confidence intervals 5–95% and represented graphically with box-
plots. Statistical comparisons between groups were performed using
non-parametric tests (Mann–WhitneyU-test) using SPSS software v. 25
(IBM, Chicago, USA).

Results

In a first experiment, wemeasured the tissue concentration
of two different chemotherapeutic drugs (CIS and DOX) in
standardized biopsies with a diameter of 6 and 12 mm,
representing a surface of 28.2 versus 113.0 mm2, or a sur-
face/depth ratio differing by a factor 4 between biopsies.
The results are shown in Figure 2.

After normalization of the biopsy weight, the mean
CIS tissue concentration was found to be significantly
higher (23.2 ng/mg, CI 5–95%: 20.3–26.1) in the small
biopsies than in the larger biopsies (8.1 ng/mg, CI 5–95%:
7.2–9.2), p<0.001. Concerning DOX, tissue concentration
was 0.46 ng/mg (CI 5–95% 0.29–0.62) in the small

Figure 1: Study flow.
Schematic representation of the eIBUB
model and study design. Influence of
biopsy geometry: 6 and 12 mm biopsies
were taken at the top, middle, and bottom
of the eIBUB (left box). Influence of the
liquid layer on the surface: 12 mm punch
biopsies were sampled at the top, middle,
and bottom of the eIBUB, before and after
dabbing themodel's surface (right box). CIS
and DOX tissue concentration was
measured and compared in the different
groups. All experiments were repeated in
triplicate.
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biopsies vs. 0.43 ng/mg (0.33–0.54) in the larger biopsies
(p=0.248). These results appeared surprising but they
were reproducible between the different locations within
the IBUB and also between experiments (Supplemental
material, Figures 1 and 2). Thus, the geometry of the
biopsy had an influence on tissue CIS concentration
measurements but not on DOX.

In a second experiment, we examined the effect of
drying the biopsy surface on tissue drug concentration. Our
hypothesis was that tissue concentration would be higher
without dabbing the surface of the probe. The results are
shown in Figure 3.

After normalization of the biopsy weight, the mean
CIS tissue concentration did not differ between “dry”
and “wet” biopsies, with respectively 23.5 (CI 5–95%:
19.0–28.0) and 22.9 (18.9–26.9) ng/mg tissue respectively
(p=0.735). Concerning DOX, a statistical difference in tis-
sue concentration was observed with 0.28 (0.12–0.43) vs.
0.64 (0.35–0.93) ng/mg tissue (p=0.025). Thus, dabbing
the surface of the biopsies did meaningfully change the
results of DOX tissue concentration but not CIS.

Discussion

Many studies have been published on tissue drug uptake
after intraperitoneal drug delivery, in particular after

HIPEC (reviewed in [14]) but also after PIPAC (reviewed in
[13]). As a rule, these studies show a significant variability
of results between biopsies. To our knowledge, there was
no research on the influence of the biopsy morpho
logy and the pre-analytical steps on pharmacological
measurements.

In the present research, we evaluated the tissue con-
centration of two cytostatic drugs commonly used for
intraperitoneal chemotherapy, CIS, and DOX [15]. Cisplatin
is an intercalating agent with a molecular weight of
300 kDa, an area under the curve (AUC) ratio between the
peritoneal and the vascular compartments of 12–22, and an
excellent depth of tissue penetration of 1,000–5,000 µm.
Doxorubicin is an anthracyclinewith amolecular weight of
580 kDa, anAUC of 162–320, and limited tissue penetration
(4–6 cell layers, representing less than 50 µm). We
expected our choice of these agents, with different phar-
macological characteristics, to highlight the influence of
pre-analytical sample preparation on drug tissue concen-
tration and give clues on possible differences depending
on the drug used.

For this research, we used an established ex-vivo
model of the peritoneal cavity [11, 12]. In the first experi-
ment, we examined possible differences in tissue concen-
tration depending on the ratio between the surface exposed
to the drug and the biopsy depth. We expected drug
concentration to be higher in the large biopsy (12 vs. 6 mm

Figure 2: Influence of the probe geometry on tissue drug concentration.
Tissue concentration of cisplatin (left panel) and doxorubicin (right panel), depending on the biopsy size. The biopsy geometry influences the
measurement of cisplatin (p<0.001) but not doxorubicin (p=0.248). Thus, results of drug tissue concentration in peritoneal tissue depend on
the biopsy geometry, but also the penetration of a specific drug into the tissue.

Figure 3: Influence of the pre-analytical
probe processing on tissue drug
concentration.
Tissue concentration of cisplatin (left panel)
does not depend on prior dabbing of the
surface. In contrast, this manoeuvre
influences doxorubicin concentration (right
panel).
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diameter) due to a superior surface/depth ratio. For CIS,
our results show the opposite, namely that the drug tissue
concentration was higher in the smaller biopsies. In
contrast, tissue DOX concentration did not depend on
biopsy morphology. These results are not artefactual since
they were reproducible between different localizations
(top, middle, and bottom) within the bladders, and be-
tween the bladders examined. Thus, biopsy morphology
can influence drug tissue concentration, but this influence
is depending on the drug applied.

In the second experiment, we expected that dabbing
the biopsy surface would result in a lower drug tissue
concentration. The experiments confirmed this hypothesis
for DOX but not for CIS, where no difference was found.
This finding is most likely explained by the limited uptake
of DOX into the (sub-)peritoneal tissue and a significant
quantity of the drug remaining at the surface after 30 min
exposition time. In contrast, CIS penetrated the tissuemore
effectively so that dabbing the biopsy’s surface after 30min
did not significantly influence the tissue concentration
measurements.

Our results highlight the need for standardizing
the biopsy sampling technique by utilizing, e.g., punch
biopsies certified for use in dermatology. The validity of
pharmacological measurements from peritoneal biopsies
taken with forceps should be questioned. Moreover,
biopsies should be oriented with the peritoneum at the
surface to evaluate the depth of drug tissue penetration.

In the present study, samples were collected before
and after removing the superficial liquid layer before
analysis, permitting an evaluation of the actual amount of
drug present in the tissue. The results highlight that the
fluid remaining on the peritoneal surface can influence
drug concentration calculation, depending on the drug
delivered.

For an anticancer drug to be effective, it has to reach a
cytotoxic concentration in the whole tissue at risk. Cancer
cells not reached by the drug will not be treated and will
give rise to a recurrence. It is not sufficient to apply a high
drug dose into the peritoneal cavity if it is not taken up
effectively into tumor nodes. Our results show that phar-
macological studies in peritoneal tissue have to consider
different elements of the relation between drug and tissue,
such as the biopsy’smorphology and a drug film remaining
at the peritoneal surface. Other factors might also play
a role, such as the time-gap between test-sampling and
analysis, as well as the tissular drug metabolization. Pre-
vious studies in animals did not consider these standard-
ization aspects properly and delivered measurements with
high variability. Such blur prevents detection of smaller
differences between delivery techniques or between

different biopsies localizations within the peritoneal
cavity.

In conclusion, we highlighted the influence of
pre-analytical steps ondrug concentrationmeasurements in
peritoneal tissue and recommend to standardize these steps,
e.g. by using punch biopsies and pre-analytical surface
dabbing. The implications of this simple methodological
study appear significant for future research in the field.

Research funding: None declared.
Author contributions:All authorshaveaccepted responsibility
for the entire content of this manuscript and approved its
submission.
Competing interests: Authors state no conflict of interest.
Informed consent: Not applicable.
Ethical approval: No human material or living animals
were employed for this study. The fresh bladders were
purchased from a slaughterhouse, where the animals were
bred for alimentary purposes. Thus, under German law, no
authorization of the Institutional Review Board or the
Animal Protection Committee was required.

References

1. Sugarbaker PH. Peritoneal metastases, a Frontier for progress.
Surg Oncol Clin 2018;27:413–24.

2. Smith ME, Nathan H. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy: safety is only half of the story. JAMA
Netw Open 2019;2:e186839-e.

3. Lehmann K, Solaß W, Roth L, Tempfer C, Reymond M. Stellenwert
der PIPAC bei fortgeschrittener peritonealer Metastasierung. In:
Peritoneale Tumoren und Metastasen, 1st ed. Berlin, Heidelberg:
Springer; 2018:261–70 pp.

4. Tempfer C, Giger-Pabst U, Hilal Z, Dogan A, Rezniczek GA.
Pressurized intraperitoneal aerosol chemotherapy (PIPAC) for
peritoneal carcinomatosis: systematic review of clinical and
experimental evidence with special emphasis on ovarian cancer.
Arch Gynecol Obstet 2018;298:243–57.

5. Tempfer CB, Hilal Z, Dogan A, Petersen M, Rezniczek GA.
Concentrations of cisplatin and doxorubicin in ascites and
peritoneal tumor nodules before and after pressurized
intraperitoneal aerosol chemotherapy (PIPAC) in patients with
peritoneal metastasis. Eur J Surg Oncol 2018;44:1112–7.

6. Van Driel WJ, Koole SN, Sikorska K, Schagen van Leeuwen JH,
Schreuder HW, Hermans RH, et al. Hyperthermic intraperitoneal
chemotherapy in ovarian cancer. N Engl J Med 2018;378:
230–40.

7. Königsrainer A, Rau B. Cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC): don’t throw
the baby out with the bathwater. Pleura Perit 2018;3:1–2.

8. Giger-Pabst U, Bucur P, Roger S, Falkenstein TA, Tabchouri N,
Le Pape A, et al. Comparison of tissue and blood concentrations of
oxaliplatin administrated by differentmodalities of intraperitoneal
chemotherapy. Ann Surg Oncol 2019;26:4445–51.

Castagna et al.: Influence of pre-analytical factors 135



9. Solass W, Sempoux C, Detlefsen S, Carr NJ, Bibeau F. Peritoneal
sampling and histological assessment of therapeutic response in
peritoneal metastasis: proposal of the Peritoneal Regression
Grading Score (PRGS). Pleura Perit 2016;1:99–107.

10. RobellaM, VairaM, ArgenzianoM, Spagnolo R, Cavalli R, Borsano
A, et al. Exploring the use of pegylated liposomal doxorubicin
(Caelyx®) as pressurized intraperitoneal aerosol chemotherapy.
Front Pharmacol 2019;10:669.

11. Schnelle D, Weinreich F-J, Kibat J, Reymond MA. A new ex vivo
model for optimizing distribution of therapeutic aerosols: the
(inverted) bovine urinary bladder. Pleura Perit 2017;2:37–41.

12. Sautkin I, SolassW,Weinreich F-J, Königsrainer A, SchenkM, Thiel K,
et al. A real-time ex vivomodel (eIBUB) for optimizing intraperitoneal
drug delivery as an alternative to living animal models. Pleura Perit
2019;4:1–8.

13. Toussaint L, Sautkin Y, Illing B, Weinreich F-J, Nadiradze G,
Königsrainer A, et al. Comparison between microcatheter and
nebulizer for generating pressurized IntraPeritoneal aerosol
chemotherapy (PIPAC). Surg Endosc 2020;35:1–8.

14. de Bree E, Michelakis D, Stamatiou D, Romanos J, Zoras O.
Pharmacological principles of intraperitoneal and bidirectional
chemotherapy. Pleura Perit 2017;2:47–62.

15. Van der Speeten K, Lemoine L, Sugarbaker P. Overview of
the optimal perioperative intraperitoneal chemotherapy
regimens used in current clinical practice. Pleura Perit 2017;2:
63–72.

Supplementary Material: The online version of this article offers
supplementary material (https://doi.org/10.1515/pp-2020-0151).

136 Castagna et al.: Influence of pre-analytical factors

https://doi.org/10.1515/pp-2020-0151

	Influence of pre-analytical sample preparation on drug concentration measurements in peritoneal tissue: an ex-vivo study
	Introduction
	Materials and methods
	Design
	Sample size
	Ethical and regulatory background
	Occupational health and safety
	Ex-vivo model
	Biopsies
	Sample preparation
	Drug concentration measurements
	Statistical analyses

	Results
	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


