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Automated sample preparation for the determination of testosterone in serum by LC-MSMS

Introduction

Testosterone is a powerful androgen that is primarily secreted
by Leydig cells in men and thecal cells in women. It plays a
critical role in spermatogenesis and the development and
maintenance of the genitalia and secondary sex
characteristics in men, as well as the control of libido in both
genders. The measurement of serum testosterone is useful in
the investigation of suspected disorders of excessive and
insufficient androgen production in adults, precocious and
delayed puberty in children, and ambiguous genitalia in
neonates [1-4]. For accurate, reproducible quantification of
testosterone, a growing number of laboratories is shifting from
immunoassay to liquid chromatography coupled with tandem
mass spectrometry (LC-MSMS). The advantage of the latter is
its unparalleled specificity, combined with high sensitivity and
the potential for multi-analyte determination.

Prior to any analysis by LC-MSMS, a sample clean-up step is
recommended to remove matrix components such as
proteins, lipids, carbohydrates and salts. This application note
describes a straightforward approach for the preparation of
serum samples for subsequent LC-MS analysis of
testosterone, focusing on a streamlined workflow suitable for
automation. Compared to most conventional sample
preparation methods, this new approach has fewer processing
steps and is easier to automate, as well as having the
advantage that the final eluate can be injected directly into an
LC-MSMS system, enabling quantitative analysis without the
need for reconstitution.

The extraction workflow presented here consists of simple
liquid handling steps that yield highly reproducible results, and
can be easily automated on a liquid handling platform.
Furthermore, the AC Extraction Plate can process serum
samples in a wide variety of conditions — cloudy (eg.
lipophilic), white (due to high protein content), or partly red
(hemophilic).
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The AC Extraction Plate

The centerpiece of the new sample preparation method is the
AC Extraction Plate with TICE™ (Tecan Immobilized Coating
Extraction) technology. It is a 96-position, deep-well plate, with
the inner surface of each well coated with a specific volume of
sorptive material (phase) to approximately half the well’s
height. This proprietary coating acts as an extraction phase for
small non-polar molecules, absorbing analytes such as
testosterone from aqueous environments with high affinity,
while proteins, phospholipids, carbohydrates and salts remain
in solution. After rinsing the well with a wash solution to
remove the matrix residues, the analyte is eluted from the
coating with an elution solvent mixture containing an
appropriate percentage of organic solvent. This eluate can be
used directly for LC-MSMS analysis. Procedural variations are
mitigated by the addition of an internal standard — in this
example 3Cs-testosterone — at the beginning of the sample
preparation process.

The workflow

An extraction mix containing the internal standard is prepared
and transferred into a well of the AC Extraction Plate, and an
aliquot of the sample (eg. serum or plasma) is added. After
horizontal mixing on a shaker, the supernatant is removed,
leaving the analyte(s) of interest retained in the TICE coating.
A wash solution is added and the AC Extraction Plate is
shaken again. The wash solution is discarded and an elution
solvent added, shaking the plate again to elute the analyte
from the TICE coating. The eluate is then transferred to either
an LC vial or an uncoated 96-well plate, and loaded into an LC
autosampler for injection. The process is depicted
schematically in Figure 1.
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Figure 1 Schematic representation of the AC Extraction Plate workflow for
the extraction of testosterone from serum or plasma.

Materials and methods

Instruments

¢ UPLC-MSMS system: Waters ACQUITY UPLC® system
coupled with a Waters XEVO® TQ-S tandem quadrupole
MS system with an electrospray ionization source.

«  Tecan Freedom EVO® liquid handling system with
integrated Te-Shake™ shaker (Tecan) for microplates, or
a manual pipette and standalone plate shaker.

Solvents used for sample preparation

* Internal standard (IS) working solution: 1 ng/ml
3Cs-testosterone in acetonitrile:water (80:20, v/v)

*  Modifier buffer: 0.33 M lithium chloride, 0.33 M
ammonium formate, formic acid 0.5 % in water

*  Extraction mix: modifier buffer and IS solution (2:1, v/v)

e  Wash solution: 0.2 % formic acid in water

e Elution solvent: water/acetonitrile (35:65, v/v)

All solvents used were LC-MS Chromasolv® grade (Sigma
Aldrich, USA). The internal standard, ">Cs-testosterone, was
obtained from Cerilliant (USA).

Serum samples

Six calibrators and three quality control samples containing
defined concentrations of testosterone in serum (Biocrates,
Austria) were extracted. The concentration of the quality
control samples covered the relevant physiological range
(Table 1).
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Samples (serum matrix) Testosterone
concentration (ng/ml)

Calibrator level 2 0.04

Calibrator level 3 0.2

Calibrator level 4 0.8

Calibrator level 5 3.0

Calibrator level 6 6.0

Calibrator level 7 10

QC level 1 0.339

QC level 2 1.19

QC level 3 7.26

Table 1 Concentration of testosterone in calibrators (Cal) and quality
controls (QC).

Sample preparation and analysis

Calibrators, controls and samples were treated

either manually, using single or eight-channel pipettes, or
automated on the Freedom EVO liquid handling system, as
outlined in Table 2.

Step Procedure

1 150 pl of extraction mix was added to each well of
the AC Extraction Plate

2 50 pl of serum calibrator, quality control sample or
patient sample was added

3 The AC Extraction Plate was shaken horizontally
for 10 min at 1,200 rpm*

4 Extraction mix was removed and 200 pl of wash
solution added

5 The AC Extraction Plate was shaken horizontally
for 2 min at 1,200 rpm*

6 Wash solution was removed and 200 pl of the elution
solvent was added

7 The AC Extraction Plate was shaken horizontally

for 5 min at 1,200 rpm*

8 The resulting eluates were transferred from the
AC Extraction Plate to a non-coated microplate with a
pierceable cover to minimize evaporation of solvent,
then placed in a cooled autosampler (10 °C) for
analysis by LC-MSMS

* Tested with the Te-Shake (optimum rpm settings may vary with the type of shaker)
Table 2 Detailed AC Extraction Plate sample preparation workflow for the
extraction of testosterone for subsequent analysis by LC-MSMS.

LC-MS parameters

LC
Column and solvents:
Initial flow rate:

Column:

Column temperature:
Injection volume:
Gradient:
Time Flow rate
(min) (ml/min)
0 0.6
0.5 0.6
4 0.6
4.01 0.6
41 0.8
5.5 0.8
5.6 0.8
5.61 0.8
6 0.6
6.5 0.6
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BIOCRATES SterolDQ® kit

0.6 ml/min

ACQUITY UPLC BEH C18 column
(2.1 x 50 mm, 1.7 pym, Waters)

Total LC cycle time: 6.5 min

MSMS parameters
lonization

Capillary voltage (kV)
Cone voltage (V)
Source offset (V)

Source temperature (°C)

Desolvation temperature (°C) 650

Cone gas flow (I/hr)

Desolvation gas flow (I/hr)
Collision gas flow (ml/min)
Nebuliser gas flow (bar)

Mass transitions

45°C
10 pl
% Solvent A

90
90
0
0
0
0
90
90
90
90

ESI positive

4.0

50.0

50.0

150

150

900

0.2

7.0

Testosterone (quantifier ion) 289 > 97

Testosterone (qualifier ion)

1303-testosterone

289 > 109
292 >100

% Solvent B

10
10
100
100
100
100
10
10
10
10
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Performance parameters

All experimental data was obtained using the AC Extraction
Plate with the chemicals and workflow described earlier.

1. Linearity

Linear regression analysis for testosterone over six calibrator
levels ranging from 0.04 to 10 ng/ml showed good linearity,
with a coefficient of determination (r2) >0.998

(Figure 2).

Compound name: Testosterone 289>97

Correlation coefficient: r = 0.999017, r'2 = 0.998035

Calibration curve: 0.908357 * x + 0.0910581

Response type: Internal Std (Ref6 ), Area * (IS Conc./ IS Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Figure 2 Calibration curve for replicate (n = 3) testosterone determinations
over six calibrator levels (crosses). The calculated concentration of the
three QC samples (n = 1) are represented by circles.

2. Lower limit of quantitation (LLOQ)

The LLOQ for testosterone (CV <20 % and signal-to-noise
(S/N) >10) was established as 0.04 ng/ml (Figure 3). The S/N
value for the analyte peak was determined from the average
of triplicate extractions of 50 pl calibrator matrix samples
eluted in 200 pl of elution solvent, using an injection volume of
10 pl (Figure 3).
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Figure 3 Chromatograms showing the testosterone analyte (top) and
stable isotope-labeled internal standard (bottom) for the 40 pg/ml serum
calibrator.
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3. Reproducibility

Reproducibility of the extraction and analysis was determined
by triplicate extractions of a set of individual female and male
samples, as well as by replicate extraction (n = 5) of pools of
male or female samples (Table 3).

Testosterone

Target Calculated Area IS Area Response

concentration  concentration (% CV) (% CV) (% CV)

(ng/ml) (ng/m)
Cal2 0.04 0.04 3.2 1.6 4.5
Cal3 0.20 0.20 2.2 1.1 2.7
Cal4 0.80 0.80 8.3 7.5 1.1
Cal5 3.0 3.0 1.0 1.0 1.2
Cal6 6.0 5.8 4.2 1.2 4.8
Cal7 10.0 10.2 4.4 7.2 3.6
W4 - 0.43 2.4 1.0 3.2
W7 - 0.20 4.6 5.6 10.4
W19 - 0.17 1.7 1.8 3.0
W18 - 0.06 1.2 4.8 4.0
W1 - 0.15 1.8 1.8 3.5
M1 - 2.26 4.0 4.1 6.7
M2 - 2.85 2.5 2.5 1.1
M3 - 0.79 2.7 2.3 4.9
M9 - 1.14 3.5 3.4 4.5
M5 - 3.54 2.3 0.8 1.7
W-Pool1 - 0.25 4.4 2.8 2.6
M-Pool1 - 6.69 2.5 5.1 5.0

Table 3 Reproducibility of calculated testosterone concentrations for
calibrators, randomly selected female (W) and male (M) samples (n = 3),
and pooled samples (n = 5).

4. Accuracy

Accuracy of testosterone concentrations was calculated as %
bias of the target value, and ranged between -12 and +16 %
for single extraction and analysis of QC samples, and from
-2.6 to +2.4 % for triplicate extractions of calibrator samples.

5. Extraction efficiency and recovery

Extraction efficiency for the AC Extraction Plate method was
determined by spiking samples with a standard solution at low
and high testosterone concentrations, before and after
extraction. Recovery was determined by comparing the
internal standard in the extracted samples with the internal
standard spiked into the elution solvent. Extraction efficiency
and recovery for testosterone and 3Cs-testosterone were 53
and 55 % respectively.
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6. Matrix effects

A negligible ionization enhancement — 103 % — was observed
for the extraction of testosterone from serum samples (values
in excess of 100 % indicate ionization enhancement, and
values of less than 100 % indicate ionization suppression [5]).

7. Method comparison

The automated extraction protocol followed by UPLC-MSMS
analysis was evaluated and compared to an established
immunoassay method, using a set of human serum samples
covering the clinically relevant concentration range of
testosterone. In some cases, concentrations were below the
0.1 ng/ml lower limit of quantitation of the immunoassay. The
comparison showed a correlation (r°) of 0.993 (Figure 4).
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Figure 4 Comparison of the automated AC Extraction Plate method with
UPLC-MSMS analysis with an established immunoassay (Elecsys
Testosterone Il with Cobas® e411, Roche).
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Conclusion

In recent years, there has been a strong focus on automation
of routine LC-MSMS analytical procedures, with particular
emphasis on automated sample preparation [6]. The ideal
automated solution would enable the prepared samples to
flow directly into LC-MSMS without further human
intervention. However, such fully automated LC-MSMS front
ends have not yet found their way into routine analytical
processes. By combining the AC Extraction
Plate/UPLC-MSMS assay of testosterone with an automated
liquid handling system such as the Freedom EVO, a
completely automated workflow, from sample placement
through to analysis, can be achieved.

The AC Extraction Plate offers a fast, robust and
easy-to-automate analytical sample preparation method
requiring minimal sample pretreatment. Time consuming,
difficult to automate procedures such as protein precipitation,
filtration or centrifugation are eliminated, accelerating and
simplifying the entire sample preparation workflow. The
extraction can be performed manually, or be easily automated
on a liquid handling platform.

Automation of the AC Extraction Plate method on a

Freedom EVO platform, combined with UPLC-MSMS
analysis, enabled high throughput, quantitative determination
of testosterone in serum with excellent assay performance.
All testosterone concentrations were in the relevant
physiological range. The AC Extraction Plate sample
preparation procedure may also be performed manually, and
is suitable for a variety of small molecule analyses.



Application Note OTECANQ

References

1) Davison SL, Bell R. Androgen physiology. Semin
Reprod Med 2006, 24(2):71-7.

2) Palacios S. Androgens and female sexual function.
Maturitas 2007, 57(1):61-5.

3) Bain J. The many faces of testosterone. Clin Interv
Aging 2007, 2(4):567-76.

4) Bhasin S, Cunningham GR, Hayes FJ, et al.
Testosterone therapy in adult men with androgen
deficiency syndromes: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab 2006,
91(6):1995-2010.

5) Matuszewski BK, Constanzer ML, Chavez-Eng CM.
Strategies for the assessment of matrix effect in
quantitative bioanalytical methods based on
HPLC-MS/MS. Anal chem 2003, 75(13):3019-30.

6) Vogeser M, Kirchhoff F. Progress in automation of
LC-MS in laboratory medicine. Clinical biochemistry
2011, 44(1):4-13. Epub 2010 Jun 19.

Australia +61 3 9647 4100 Austria +43 62 46 89 33 Belgium +32 1542 13 19 China +86 21 2206 3206 Denmark +45 70 23 44 50 France +33 4 72 76 04 80
Germany +49 79 51 94 170 ltaly +39 02 92 44 790 Japan +81 44 556 73 11 Netherlands +31 18 34 48 174 Singapore +65 644 41 886 Spain +34 935 95 25 31
Sweden +46 31 75 44 000 Switzerland +41 44 922 81 11 UK +44 118 9300 300 USA +1 919 361 5200 Other countries +43 62 46 89 33

For research use only - not for clinical diagnostics.

Tecan Group Ltd. makes every effort to include accurate and up-to-date information within this publication; however, it is possible that omissions or errors might have occurred.
Tecan Group Ltd. cannot, therefore, make any representations or warranties, expressed or implied, as to the accuracy or completeness of the information provided in this
publication. Changes in this publication can be made at any time without notice. For technical details and detailed procedures of the specifications provided in this document
please contact your Tecan representative. This publication may contain reference to applications and products which are not available in all markets. Please check with your local
sales representative.

This application note only exemplarily provides data for illustrating the suitability of the Tecan product. This application note is no intention to invite others to use the Tecan
products in such a way that the use might infringe intellectual property rights (e.g. US 8,409,862) of third parties.

All mentioned trademarks are protected by law. In general, the trademarks and designs referenced herein are trademarks, or registered trademarks, of Tecan Group Ltd.,
Ménnedorf, Switzerland. A complete list may be found at www.tecan.com/trademarks. Product names and company names that are not contained in the list but are

noted herein may be the trademarks of their respective owners.

© 2014, Tecan Trading AG, Switzerland, all rights reserved. For disclaimer and trademarks please visit www.tecan.com

www.tecan.com

398023 V1.0. 02-2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /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 /Preserve
  /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 30
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


