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Abstract A sensitive and specific liquid chromatography

electrospray ionisation–tandem mass spectrometry method

for determination of new non-imidazole histamine

H3 receptor antagonist 1-[3-(4-tert-butylphenoxy)pro-

pyl]piperidine (DL76) in rat serum has been developed and

validated. Chromatography was performed on a XBrid-

geTM C18 analytical column (2.1 9 30 mm, 3.5 lm,

Waters, Ireland) with gradient elution using a mobile phase

containing acetonitrile and water with an addition of 0.1%

of formic acid. Detection was achieved by an Applied

Biosystems MDS Sciex (Concord, Ontario, Canada) API

2000 triple quadrupole mass spectrometer. Electrospray

ionization (ESI) was used for ion production. The limit of

detection in the SRM mode was found to be 0.5 ng mL-1.

The limit of quantification was 1 ng mL-1. The precision

and accuracy for both intra- and inter-day determination of

DL76 ranged from 1.65 to 15.09% and from 88.74 to

113.43%. The results of this analytical method validation

allow to carry out pharmacokinetic studies in rats. The

method was used for the pilot study of the pharmacokinetic

behavior of DL76 in rats after intravenous administration.

Keywords Column liquid chromatography � Tandem MS

detection � DL76 compound � Histamine H3 receptor
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Introduction

The biogenic amine histamine is implicated in the wide range

of physiological and pathophysiological functions. It is a

ligand for four histaminergic receptors subtypes, from which

receptor H3 is acting as presynaptic auto- and heteroreceptor

mainly in the CNS controlling the synthesis and release of

histamine. Its activation modulates also the release of vari-

ous important neurotransmitters, such as dopamine, acetyl-

choline, norepinephrine, serotonin, GABA, glutamate and

substance P. Therefore, histaminic neurons and the cross-

linkage between major neurotransmitter systems are

involved in many brain functions including vigilance,

memory processes, feeding behavior and locomotor activity.

Blockade of the H3 autoreceptors by antagonists inter-

rupts the negative feedback mechanism and leads to

increased levels of histamine and other neurotransmitters.

These effects suggest its potential therapeutic role for the

treatment of several diseases and neurological disorders,

such as schizophrenia, depression, sleep-wake disorders,

dementia or epilepsy.

Known compounds, H3 receptor antagonists, which are

imidazole derivatives make poor candidates for drugs due

to their tendency to inhibit numerous mammalian Cyt 450

isozymes and in case of a CNS drugs, their low brain

penetration. Therefore, a significant effort was undertaken

to identify non-imidazole-derived H3 antagonists [1–4].

The example of such compound is DL76 (1-[3-(4-tert-

butylphenoxy)propyl]piperidine) which in preliminary

pharmacological studies showed good affinity for human

H3 receptor stably expressed in CHO-K1 cells (hKi equal

22±3 nM) [5].

Preliminarily, both pharmacodynamic as well as phar-

macokinetic characteristics of any new compound, poten-

tial drug, require availability of a validated analytical
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method, therefore, the purpose of this study was to develop

and validate a high performance liquid chromatography–

tandem mass spectrometry method (LC–MS–MS) for

quantification of DL76 compound in rat serum samples.

The new method was successfully applied to a pilot study

of pharmacokinetics of DL76 in rats.

Experimental

Chemicals and Materials

The 1-[3-(4-tert-butylphenoxy)propyl]piperidine was sup-

plied from the Department of Technology and Biotechnol-

ogy of Drugs (Faculty of Pharmacy, Jagiellonian University

Medical College, Krakow, Poland). Pentoxifylline (3,7-

dimethyl-1-(5-oxohexyl)-3,7-dihydro-1H-purine-2,6-dione,

PTX), used as an internal standard, was obtained from

Sigma (St. Louis, MO, USA). HPLC grade acetonitrile,

water, formic acid and ethyl acetate were purchased from

Merck (Darmstadt, Germany). Control serum was obtained

from adult male Wistar rats Krf:(WI)WV (Charles River

Laboratory, Germany). Rats were injected intraperitoneally

with thiopental (70 mg kg-1), and blood was collected after

decapitation. The serum samples were separated by cen-

trifugation (3,000 rpm, 10 min) and stored at -30 �C until

used.

Instrumentation and Operating Conditions

Liquid Chromatographic Conditions

Liquid chromatography was performed using an Agilent

1100 HPLC (Agilent Technologies, Waldbronn, Germany)

system consisting of a degasser, a binary pump, a column

oven and an autosampler. Chromatographic separation was

carried out on XBridgeTM C18 analytical column

(2.1 9 30 mm, 3.5 lm, Waters, Dublin, Ireland) with the

oven temperature set at 30 �C. The autosampler tempera-

ture was maintained at 10 �C. The mobile phase of ace-

tonitrile (A) and water (B) with an addition of 0.1% of

formic acid was set at a flow rate of 0.3 mL min-1. Initial

mobile phase composition was 100% B with a linear gra-

dient to 30% B in the first 8 min, then isocratic mode for

1 min with the following rapid change back to 100% B in

0.1 min. The remaining time of elution was set at 100% B.

The whole HPLC operation lasted 20 min. A sample vol-

ume of 10 lL was injected into LC–MS–MS system.

Mass Spectrometric Conditions

Mass spectrometric detection was performed on an Applied

Biosystems MDS Sciex (Concord, Ontario, Canada) API

2000 triple quadrupole mass spectrometer equipped with

an electrospray ionization (ESI) interface. ESI ionization

was performed in the positive ion mode. The tandem mass

spectrometer was operated at unit resolution in the selected

reaction monitoring mode (SRM), monitoring the transition

of the protonated molecular ions m/z 276 and 279 to the

product ions m/z 98 and 181 for DL76 and PTX,

respectively.

The mass spectrometric conditions were optimized for

DL76 by continuous infusion of the standard solution at the

rate of 10 lL min-1 using a Harvard infusion pump. The

ion source temperature was maintained at 450 �C. The

ionspray voltage was set at 5,500 V. The curtain gas (CUR)

was set at 10 and the collision gas (CAD) at 2. The optimal

collision energy (CE) was 50 V. The following parameters

of ion path were used as the most favorable ones: declus-

tering potential (DP) at 45 V, focusing potential (FP) at

300 V and entrance potential (EP) at 12 V. The quantifi-

cation was performed via peak area ratio. Data acquisition

and processing were accomplished using the Applied

Biosystems Analyst version 1.4.2 software.

Preparation of Stock Solutions

The stock solutions of DL76 and PTX (IS) were prepared

at 1.0 mg mL-1 in water. The stock solution of DL76 was

further serially diluted with water to make working solu-

tions at concentrations of 20, 10, 5, 2.5, 1, 0.5, 0.1 and

0.01 lg mL-1. Internal standard working solution was

prepared by diluting the stock solution of PTX with water

to a concentration of 2.5 lg mL-1. All stock and working

solutions were stored at 4 �C.

Calibration Curve

Calibration curve was generated to confirm the linear

relationship between the peak area ratio and the concen-

tration of DL76 in the test samples. Pooled blank serum

was spiked with an appropriate working solution to pro-

duce the calibration curve points equivalent to 2,000,

1,000, 500, 250, 100, 50, 10 and 1 ng mL-1 of DL76

compound. Samples were made in five replicates and each

of them also contained a 10 lL of the IS working solution.

The results (peak area of analyte/peak area of IS) versus

concentration were fitted to the linear equation. The quality

of fit was evaluated by comparing back-calculated con-

centrations to the nominal ones.

Quality Control Samples

The quality control samples used during the validation and

in the pharmacokinetic studies have been prepared in the

same way as the calibration curve. Namely, they were
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prepared by spiking blank serum with DL76 and IS and

produced at different concentrations along the calibration

range (LLOQ at 1 ng mL-1, low at 40 ng mL-1, medium

at 400 ng mL-1 and high at 1,800 ng mL-1 of DL76).

Extraction Procedures

Serum Samples

All analyzed samples were extracted employing a liquid–

liquid extraction technique into an ethyl acetate without

any modification of pH. A 100 lL aliquot of rat serum was

pipetted out into a centrifuge tube and the working IS

solution (10 lL) was added. Then the samples were briefly

mixed and 1 mL of ethyl acetate was added. The mixture

was shaken on a mechanical shaker for 20 min. After-

wards, samples were centrifuged at 3,000 rpm for 15 min

and the organic layer (0.5 mL) was transferred to the

conical tubes and evaporated to dryness at 37 �C under the

gentle stream of nitrogen gas in the TurboVap evaporator

(Zymark, Hopkinton, MA, USA). The dry residue was

reconstituted with 100 lL of the acetonitrile/water (50/50,

v/v) mixture and an aliquot of 10 lL was injected onto the

LC–MS–MS system.

Method Validation

The analytical method was validated within the guidelines

established by the FDA for bioanalytical method validation.

Assay Specificity

The specificity of the method was evaluated by analyzing

blank serum samples from six rats. Each blank sample was

tested for any interference, also the ones associated with

thiopental, using the proposed extraction procedure and

chromatographic/mass spectrometric conditions and com-

pared with those obtained with an aqueous solution of the

analyte at a concentration near the lower limit of quanti-

fication (LLOQ). An assessment of absolute matrix effect

was done using matrix-free (solvent) samples and samples

containing extracted blank serum with an addition (post-

extraction) of an appropriate concentration of the DL76

compound. Three different concentration levels of DL76

were evaluated (40, 400, and 1,800 ng mL-1) by analyzing

five samples at each level. For evaluation of the relative

matrix effect, five different sources of rat serum were used

[6, 7]. The relative ME was expressed as RSD (%).

The limit of detection (LOD) was estimated as a signal

to noise ratio (3:1). The lower limit of quantification

(LLOQ) defined in this assay was based on the expected

range for DL76 in the samples, as opposed to minimum

criteria of response or precision.

Precision and Accuracy

Precision of the assay was determined from the QC sam-

ples by replicate analysis of four concentration levels of

DL76 (1, 40, 400 and 1,800 ng mL-1). Accuracy (percent

of recovery) was evaluated as [mean found concentration/

theoretical concentration] 9 100. Precision was given by

the percent relative standard deviations (RSD, CV%). The

criteria for acceptability of the data included accuracy

within ±15% deviation from the nominal values and a

precision within 15% RSD except for LLOQ, where it

should not exceed ±20% of CV.

Within-day precision and accuracy were determined by

repeated analysis (n = 5) of the samples at different QC

levels (1, 40, 400 and 1,800 ng mL-1 of DL76 in serum) on

the same day. Between days precision and accuracy were

determined by repeated analysis on three consecutive days.

The concentration of each sample was determined using the

calibration curve prepared and analyzed on the same day.

Extraction Recovery

Extraction recoveries of DL76 from serum were deter-

mined at low, medium and high concentrations. Recoveries

were calculated by comparing the mean peak areas

obtained for extracted QC samples (1, 40, 400 and

1,800 ng mL-1) with those of blank extracts reconstituted

in the mobile phase with standards added at appropriate

concentrations which represented the 100% recovery value.

The recovery value of the IS was determined in the same

way at a single concentration of 250 ng mL-1.

Stability

Freeze and Thaw Stability

QC serum samples at four concentration levels were stored

at the storage temperature (-30 �C) for 24 h and thawed

unassisted at room temperature, then the samples were

refrozen for 24 h. After three freeze–thaw cycles samples

were analyzed.

Short-Term Stability

QC serum samples at four concentration levels were kept at

room temperature for a period that exceeded the routine

sample preparation time (about 5 h).

Long-Term Stability

QC serum samples at four concentration levels were kept at

the temperature of -30 �C for the period of 2 months and

then analyzed.
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Post-Preparative Stability

The autosampler stability was conducted by reanalyzing

extracted QC samples kept under autosampler conditions

(10 �C) for 24 h.

Samples were considered to be stable where 85–115%

of the initial concentrations were found.

Application of the Assay

Study in Rats—Drug Administration and Sampling

Male Wistar rats, 13–15 weeks of age and weighting

between 200 and 220 g were used for this study. They were

kept under conditions of constant temperature (21–25 �C)

and relative humidity of approximately 40–65% with stan-

dard light/dark cycle. Animals were housed in stainless steel

cages with suspended wire-mesh floors (maximum of 5 rats

per cage). Animals were fasted overnight and then weighed.

Rats had free access to water throughout the experimental

period. DL76 compound dissolved in 0.9% sterile isotonic

saline at a dose of 3 mg kg-1 was administered intrave-

nously. A total number of 30 rats were used in this experi-

ment. Rats were anaesthetized with thiopental at a dose of

70 mg kg-1 and blood samples were collected by decapi-

tation to microfuge tubes at 5, 10, 30, 60, 120 and 240 min

after dosing (n = 5). Serum was harvested by centrifuging

at 3,000 rpm for 10 min and stored at -30 �C until bio-

analysis. Serum samples (100 lL) were spiked with IS and

processed as described above. The study was approved by

the Institutional Animal Care and Ethics Committee of the

Jagiellonian University Medical College, Krakow, Poland.

Non-Compartmental Pharmacokinetic Analysis

Pharmacokinetic parameters were calculated by employing

a non-compartmental approach from the average concen-

tration values, using WinNonlin 3.3 software (Pharsight,

USA). The area under the mean serum concentration versus

time curve extrapolated to infinity (AUC0-inf) was esti-

mated using the log/linear trapezoidal rule. AUMC was

estimated by the calculation of total area under the first-

moment curve by combining trapezoid calculation of

AUMC0-t and extrapolated area. The mean residence time

(MRT) was calculated from AUMC0-inf/AUC0-inf. The ter-

minal rate constant (kz) was calculated by log-linear

regression of the drug concentration data in the terminal

phase and the half-life (t1/2) was calculated as 0.693/kz. The

systemic clearance (Cl) was estimated from the adminis-

tered dose divided by AUC0-inf. The volume of distribution

at steady state (Vss) was calculated from Di.v.�AUMC/

AUC2, where Di.v stands for the dose administered intra-

venously in mg kg-1 of body weight.

Results and Discussion

In the mass spectra of DL76 and IS dominated protonated

molecules [M?H]? at m/z 276 and m/z 279, respectively.

The product ion spectra of these analytes and proposed

fragmentation paths are presented in Fig. 1. After collision-

induced dissociation, the major fragment ions observed in

each product ion spectrum were at m/z 98 for DL76 and

181 for IS, so the SRM transitions m/z 276?98 and m/z

279?181 were selected for quantitative analysis.

The mobile phase consisting of acetonitrile and water

provided low background noise and fast separation. The

running time of each sample was 20 min. The gradient

used resulted in retention times of 5.45 and 7.67 min for IS

and DL76, respectively, and the remaining time provided

for column equilibration and clean up to avoid carry over

between samples. Presence of formic acid in the mobile

phase improved the sensitivity by promoting ionization of

the analyte. The representative extracted ion chromato-

grams (XIC) of a blank sample and a rat serum sample with

the concentration of DL76 determined at 67.82 ng mL-1

are shown in Fig. 2a and c, respectively. The number of

theoretical plates is 16,000 and the retention factor 21.55.

The lower limit of quantification (LLOQ) for DL76 was

1 ng mL-1, and the limit of detection (LOD) was

0.5 ng mL-1 with the noise to signal ratio equal 1:3. The

lowest concentration on the calibration curve was chosen
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Fig. 1 Product ion mass spectra of [M?H?]? ions of PTX (a) and

DL76 (b) and proposed fragmentation paths
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based on the expected concentrations in the biological

matrices. At LLOQ the precision did not exceed 15%.

The absolute matrix effect for DL76 was 30%, and the

absolute recovery was 60% giving low process efficiency

(mean peak area obtained for the analyte added to the

matrix before the extraction to the corresponding area for

the pure solution), but because of high ionization of the

analyte in the ESI source and its good retention on ana-

lytical column the LLOQ was sufficient for the purpose of

conducting pharmacokinetic studies. No relative matrix

effect for studied compound was observed for five different

serum pools tested, the RSD values did not exceed 5%.

Calibration curve for DL76 compound in serum was

linear over the proposed concentration range

(1–2,000 ng mL-1). The calibration curve was generated

by weighted (1/x) linear regression analysis.

As seen in Table 1 for each point on the calibration curve

for DL76, the concentration back-calculated from the

equation of the linear regression analysis was always within

the deviation of 3% from the nominal concentrations and the

relative standard deviations did not exceed ±15%.

Data for within day and between days precision and

accuracy of this method are presented in Table 2. Values of

precision of the method ranged from 1.65 to 15.9% and for

accuracy ranged from 88.74 to 113.43%, generally accep-

ted for bioanalytical methods.

The stability of DL76 in rats serum was investigated

under a variety of storage and process conditions as

described in previous section. Tables 3 and 4 summarize

these results. Compound DL76 showed good stability

during all these tests and there were no stability related

problems during the routine analysis of samples for phar-

macokinetic studies.

Application to Pharmacokinetic Study

The method described above was applied to pharmacokinetic

study, in which serum concentrations of DL76 compound were

determined for 4 h after intravenous administration to rats.

The plot of time course for mean serum concentrations

is shown in Fig. 3. A non-compartmental pharmacokinetic

model was used to describe the pharmacokinetics of DL76

following intravenous administration. DL76 was quickly

eliminated with systemic clearance of 13 L h-1 kg-1. The

elimination half-life was 84.32 min. The volume of dis-

tribution at the central compartment was 20 L kg-1 sug-

gesting that there is wide distribution in peripheral tissues.

The detailed pharmacokinetics and tissue distribution of

DL76 will be presented in a separate paper.

Fig. 2 The representative extracted ion chromatograms (XIC) of

blank serum (a), serum sample spiked with the concentration of

1 ng mL-1 of DL76 (b), rat serum sample after i.v. administration

of DL76 in the dose of 3 mg kg-1, with the concentration of DL76

determined at 67.82 ng mL-1 (c) and IS (d)

Table 1 Back-calculated

concentrations of calibrators for

DL76

Nominal concentration

of DL76 (ng mL-1)

Back calculated concentration

(mean ± SD) n = 5

RSD

(%)

Accuracy

(%)

Bias

(%)

1 1.00 ± 0.15 14.81 100 0

10 9.92 ± 1.06 10.66 99.2 -0.8

50 50.58 ± 1.59 3.15 101.16 1.16

100 102.11 ± 7.30 7.15 102.11 2.11

250 250.46 ± 10.82 4.32 100.18 0.18

500 499.36 ± 14.72 2.95 99.87 -0.13

1,000 1,018.52 ± 39.34 3.86 101.85 1.85

2,000 1,992.28 ± 23.40 1.17 99.61 -0.39
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Conclusion

In this manuscript, we described a sensitive and selective

high performance liquid chromatography–tandem mass

spectrometry method for the analysis of DL76 compound in

rat serum. Validation of the method in selected conditions

shows that the method is selective and precise with linear

response of mass spectrometer. The liquid–liquid extraction

procedures produced clean chromatograms and high and

reproducible recovery was obtained for investigated com-

pound. The method has been successfully employed to

support a number of pilot pharmacokinetic studies.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.

Table 2 Within-day and between days accuracy (% of nominal concentration) and precision (%RSD) of DL76 in rat serum

QC i.d QC nominal concentration

(ng mL-1) n = 5

One day Different days

Precision

(RSD, %)

Mean accuracy

(%)

Precision

(RSD, %)

Mean

accuracy (%)

LLOQ 1 15.09 112.53 12.8 113.43

Low 40 5.95 88.75 9.75 91.27

Medium 400 4.99 95.74 7.81 92.56

High 1,800 1.65 88.74 2.14 89.79

Table 3 Bench top and postpreparative stability of DL 76

QC i.d. QC nominal concentration

(ng mL-1) n = 5

Stability after 2 h in 20 �C

(bench top stability)

Stability after 24 h in 10 �C

(post preparative stability)

Mean concentration

found (%)

Accuracy

(%)

CV

(%)

Mean concentration

found (%)

Accuracy

(%)

CV

(%)

LLOQ 1 0.91 91.4 3.0 1.09 85.71 9.52

Low 40 43.62 109.1 6.7 38.57 102.68 6.67

Medium 400 395.52 98.9 11.2 382.4 85.49 3.09

High 1,800 1,800.91 100.1 14.8 1,843.02 106.93 2.43

Table 4 Long term and freeze/thaw stability of DL 76

QC i.d. QC nominal concentration

(ng mL-1) n = 5

Stability after three freeze/thaw cycles Stability after 2 months in -30 �C

(long term stability)

Mean concentration

found (%)

Accuracy

(%)

CV

(%)

Mean concentration

found (%)

Accuracy

(%)

CV

(%)

LLOQ 1 0.98 98.4 5.5 0.88 87.7 13.3

Low 40 42.63 106.6 4.5 44.79 112.0 6.5

Medium 400 374.98 93.7 3.8 401.95 100.5 1.9

High 1,800 1,822.41 101.2 0.8 1,794.94 99.7 1.3
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Fig. 3 Mean plasma concentrations ±SD (n = 5) versus time profile

obtained after a single i.v. dose (3 mg kg-1) of DL76 compound

918 M. Szafarz et al.

123



References

1. Sander K, Kottke T, Stark H (2008) Histamine H3 receptor

antagonists go to clinics. Biol Pharm Bull 31:2163–2181

2. von Coburg Y, Kottke T, Weizel L, Ligneau X, Stark H (2009)

Potential utility of histamine H3 receptor antagonist pharmaco-

phore in antipsychotics. Bioorg Med Chem Lett 19:538–542

3. Esbenshade TA, Browman KE, Bitner RS, Strakhova M, Cowart

MD, Brioni JD (2008) The histamine H3 receptor: an attractive

target for the treatment of cognitive disorders. Br J Pharmacol

154:1166–1181

4. Gemkow MJ, Davenport AJ, Harich S, Ellenbroeck BA, Cesura A,

Hallett D (2009) The histamine H3 receptor as a therapeutic drug

target for CNS disorders. Drug Discov Today 14:509–515

5. Lazewska D, Ligneau X, Schwartz JC, Schunack W, Stark H,

Kiec-Kononowicz K (2006) Ether derivatives of 3-piperidinopro-

pan-1-ol as non-imidazole histamine H3 receptor antagonists.

Bioorg Med Chem 14:3522–3529

6. Taylor PJ (2005) Matrix effects: the Achilles heel of quantitative

high-performance liquid chromatography-electrospray-tandem

mass spectrometry. Clin Biochem 38:328–334

7. Matuszewski BK, Constanzer ML, Chavez-Eng CM (2003)

Strategies for the assessment of matrix effect in quantitative

bioanalytical methods based on HPLC–MS–MS. Anal Chem

75:3019–3030

LC–MS–MS Method for the Analysis of DL76 in Rat Serum 919

123


	LC--MS--MS Method for the Analysis of New Non-Imidazole Histamine H3 Receptor Antagonist 1-[3-(4-tert-Butylphenoxy) propyl]piperidine in Rat Serum---Application to Pharmacokinetic Studies
	Abstract
	Introduction
	Experimental
	Chemicals and Materials
	Instrumentation and Operating Conditions
	Liquid Chromatographic Conditions
	Mass Spectrometric Conditions

	Preparation of Stock Solutions
	Calibration Curve
	Quality Control Samples
	Extraction Procedures
	Serum Samples
	Method Validation
	Assay Specificity
	Precision and Accuracy
	Extraction Recovery

	Stability
	Freeze and Thaw Stability
	Short-Term Stability
	Long-Term Stability
	Post-Preparative Stability

	Application of the Assay
	Study in Rats---Drug Administration and Sampling
	Non-Compartmental Pharmacokinetic Analysis


	Results and Discussion
	Application to Pharmacokinetic Study
	Conclusion
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


