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ABSTRACT

The analysis of opiates in blood and urine was accomplished
using automated Disposable Pipette Extraction (DPX)
followed by LC/MS analysis. The automated extractions
were performed in about 5 minutes using a GERSTEL
MultiPurpose Sampler (MPS). The eluents were subsequently
dried and reconstituted in solvent and injected into a HPLC/
MS/MS instrument. Recoveries ranged from 60 to 85% for
the opiates in blood, and recoveries ranged from 78 to 85%
for the opiates in hydrolyzed urine. The %RSDs were lower
than 6% for all analytes.

INTRODUCTION

In order to analyze biological specimens for drugs and their
metabolites, it is necessary to perform sample preparation
to eliminate matrix interference. Solid-phase extraction is
generally the preferred sample preparation technique, in this
study Disposable Pipette Extraction (DPX) was utilized. DPX
is a novel dispersive solid-phase extraction technique that
uses loosely contained sorbent in a disposable pipette tip.
The sample is aspirated into the tip where it is actively mixed



with the sorbent and forms a suspension. The main
advantages of the DPX technology are that the extraction
is very rapid, minimal solvent waste is generated, and
the entire process can be fully automated including
introduction of the extract to the chromatographic
system. The GERSTEL MPS autosampler performs
DPX extractions in approximately 5 minutes using
reversed phase (DPX-RP) or cation exchange (DPX-
CX) sorbent material.

For chemical analysis of target drugs, GC/MS or
HPLC/MS/MS are generally the preferred techniques.
The advantage of LC/MS/MS is that chemical
derivatization of the analytes is not required, making
sample preparation simpler and less time consuming.
In addition, highly efficient ionization, in combination
with tandem mass spectrometry results in high
sensitivity and selectivity. This study focused on
performing automated extraction of reduced sample
volumes coupled with LC/MS/MS to provide high
throughput analysis “one sample at a time”. The sample
preparation time was decreased sufficiently to allow
the extraction of a sample during the chromatographic
analysis of the previous sample in the sequence.

GERSTEL MPS dual rail PrepStation with DPX
option

EXPERIMENTAL

Instrumentation. Sample extraction and introduction
was automated using a GERSTEL MPS dual rail
PrepStation with DPX option (GERSTEL, Linthicum,
MD). The HPLC instrument utilized was an Acquity
UPLC (Waters, Milford, MA). The MS system used
was a Waters Micromass Quattro Premier XE.

Analysis conditions LC.
Mobile Phase: A -4.5 mM Ammonium acetate

B - Methanol

Gradient: Initial 0 %A/10%B
2 min 85%A/15%B
3 min 65%A/35%B
4 min 50%A/50% B
6 min 35%A/65%B
8 min 0 %A/10%B
(4 min)

Flowrate: 350 pL/min

Column: 2.1 mm x 30 mm, 3.5 mm,
Eclipse XDB C18 (Agilent)

Inj. volume: 10 uL

Analysis conditions MS.
Positive ion mode, Single reaction monitoring

Run time: 10 min

Capillary: 3kVv

Extractor: 281V

Source Temp.: 130 °C

Desolvation Temp.: 391 °C

Compound M+H Dwell Cone

Time Voltage

[m/z] [ms] [V]

d;-Oxymorphone 305 50 30

Oxymorphone 302 50 30

Morphine 286 50 30

Hydromorphone 286 50 30

d;-Oxycodone 319 50 30

Oxycodone 316 50 30

6-MAM 328 50 30

Codeine 300 50 30

Hydrocodone 300 50 30

Sample preparation. All opiate standards were obtained
from Cerilliant (Round Rock, TX). A 10 ppm stock
solution was prepared in methanol for all sample
fortifications. Two internal standards were used,
ds-Oxymorphone for quantitation of Oxymorphone and
ds-Oxycodone for all other opiates. All solvents used
were of HPLC grade or higher.
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Blood sample preparation. A 250 pL blood sample
was spiked at the specified concentration with the
stock opiates mix. To precipitate proteins, 500 pL of
acetonitrile was added and the solution was vortex
mixed and centrifuged. The supernatant was decanted
into a clean labeled sample tube. 100 puL of 0.1 M HCI
was added to the solution, and the sample tube was
placed on the MPS 2 sample tray for automated DPX
extraction.

Urine sample preparation. 50 puL of 0.6 M sodium
acetate buffer (pH = 4) and 10 pL of B-glucuronidase
was added to a 200 uL sample of urine. The solution
was thermostated at 70°C for 2 hours, and then cooled
to room temperature. To precipitate proteins, 250 puL
of acetonitrile was added to the hydrolyzed urine and
the sample was vortex mixed and centrifuged. The
supernatant was decanted into a clean labeled sample
tube. 200 pL of 0.1 M HCI was added to the sample
solution, and the sample tube was placed on the MPS
sample tray for automated DPX extraction.

Extraction. A GERSTEL MPS dual rail PrepStation
was set up with 1 mL DPX-CX tips (DPX Labs, LLC,
Columbia, SC) for extraction of drugs from blood and
hydrolyzed urine. The following automation method
was used: 250 pL of 30% acetonitrile/water was slowly
added through the top of the DPX tip at a rate of 50
uL/s to wet the sorbent. The sample was then aspirated
into the DPX tip at a rate of 90 pL/s and mixed with the
sorbent by drawing in an additional 2 mL of air. After
a 30 s equilibration time to allow analyte binding, the
resulting solution was dispensed to waste. To wash off
excess matrix, a 500 pL wash of 10% acetonitrile/water
was added to the sorbent material through the top of
the DPX tip and dispensed to waste followed by an

additional wash using 500 pL of acetone. For elution
of the analytes, 700 uL of 78/20/2 (v/v) of methylene
chloride/isopropanol/ammonium hydroxide was added
to the sorbent material through the top of the DPX tip
and dispensed directly into a clean HPLC vial.

All eluents were dried and reconstituted with 100
uL of methanol and 400 pL of 4.5mM ammonium
acetate before injection.

ResuLTs AnD Discussion

The DPX-CX extractions were readily performed using
the GERSTEL MPS dual rail PrepStation. These DPX
tips are ideal for basic drugs due to their mixed-mode
cation exchange and reversed phase characteristics.
The entire extraction process took approximately 5
minutes per sample. Because a basic eluent is used
with the cation exchange sorbent, the eluents had to be
solvent exchanged into the HPLC mobile phase. The
extract was dried in about 4 minutes using low heat
and nitrogen gas flow.

All HPLC/MS spectra were collected using single
reaction monitoring (SRM) because under the HPLC
conditions used we were unable to generate quality
daughter ions for the opiate drugs using multiple
reaction monitoring (MRM). Although SRM MS
analysis may not provide the best sensitivity for the
analysis of these drugs at low concentrations, this
study focused on the automated DPX extraction and
the utility of this automated sample preparation for
HPLC/MS analysis of opiates.

A rapid resolution HPLC column was chosen to
generate chromatographic data in less than 10 minutes.
Figure 1 shows that the chromatogram of a DPX-
extracted whole blood blank is free from any peaks
that could interfere with the opiates.

AN/2009/6 - 3



Abundance

6.0x16°. \‘ — Blank

| | —— Matrix-matched 100%
4.0x10%
2.0x10°_|

0 \

2.‘00 ‘ 4.60 ‘ 6.b0 ‘ 8‘.00 ‘ min
Figure 1. Overlay total ion LC/MS chromatograms of DPX extracts of a blank blood sample and of a matrix-
matched sample, both spiked at 0.5 ppm. The overlay shows that interferences are negligible

Figure 2 shows the extracted ion chromatogram of a DPX extract of whole blood spiked with 400 ppb of opiates.
The chromatogram is free from interferences, the opiates were extracted reproducibly and with high recoveries
(Table 1). It is noteworthy that this blood sample was only 0.25 mL.

Abundance |
6 7,\\ 8
1.6x10 I 9
q Table 1. Recovery and % RSD for opiates (400 ppb)
1.4x10% 5,6 ,‘\ extracted from whole blood.
\ TR RSD Recovery
1.2x10% | Compound [%] [%]
|
3‘ | Oxymorphone? 1.39 2.99 57.5
1.0x10% | Morphine2 1.86 6.01 62.4
Hydromorphone? 2.51 2.14 63.7
5
8.0x10"— Oxycodone? 3.12 3.83 74.2
6-MAM? 3.50 4.64 77.4
6.0x10°— .
Codeine? 3.51 1.71 85.1
5 Hydrocodone? 3.65 4.64 70.7
4.0x10"— IS used for quantitation: ! d3-oxymorphone; 2 ds3-oxycodone
2.0x10°—
0 - — . Seome—e
! [ [ [ ! T T B
2.00 4.00 6.00 8.00 min

Figure 2. Extracted ion chromatogram of a DPX extract of whole blood spiked with 400 ppb opiate mix. Peak
Identities: (1) ds-oxymorphone, (2) oxymorphone, (3) morphine, (4) hydromorphone, (5) ds-oxycodone, (6)
oxycodone, (7) 6-MAM, (8) codeine, and (9) hydrocodone.

Figure 3 shows a chromatogram of opiates in whole blood at a concentration of 100 ppb. Even when performing
SRM MS analysis, the sensitivity is more than sufficient, demonstrating the high ionization efficiency of the
electrospray system. Most importantly, no matrix effect or ion suppression was observed, showing that sample
extraction and cleanup with DPX is well suited for the analysis.
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Figure 3. Extracted ion chromatogram of a DPX extract of whole blood spiked with 100 ppb of the opiate mix
and with 400 ppb of the internal standards (ds-oxymorphone and ds;-oxycodone) in whole blood. Peak Identities:
(1) ds-oxymorphone, (2) oxymorphone, (3) morphine, (4) hydromorphone, (5) ds;-oxycodone, (6) oxycodone,
(7) 6-MAM, (8) codeine, and (9) hydrocodone.

Figure 4 shows the analysis of urine spiked with 500 ppb of opiates. Again, extracts were free from interferences.
No matrix effect or ion suppression for opiates was seen. Table 2 shows that the DPX extractions yielded high
recoveries with very good reproducibility.
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Table 2. Recovery and %RSD for opiates (500 ppb)
extracted from urine.

TR RSD Recover
Compound (%] (%] y
Oxymorphone 1.39 3.91 78.3
Morphine? 1.86 3.76 81.1
Hydromorphone? 2.51 3.93 82.0
Oxycodone? 3.12 3.82 80.6
6-MAM?2 3.50 4.67 81.5
Codeine? 3.51 2.36 83.5
Hydrocodone? 3.65 5.15 84.8
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Figure 4. Extracted ion chromatogram of the DPX extract of 500 ppb of the opiate mix spiked in hydrolyzed
urine. Peak lIdentities: (1) ds-oxymorphone, (2) oxymorphone, (3) morphine, (4) hydromorphone, (5) ds-
oxycodone, (6) oxycodone, (7) 6-MAM, (8) codeine, and (9) hydrocodone.
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ConcLusION

Automated DPX extraction of opiates from biological
specimens can be performed successfully using the
GERSTEL MPS dual rail PrepStation. In the work
presented here, the total extraction time was 5 minutes,
additionally 4 minutes were required for evaporation
and solvent exchange. The total sample preparation
time was less than the chromatographic run time,
which means that the next sample can be prepared
while separation of the current sample is in progress.
Whenever the LC/MS/MS system has finished a run,
the next sample is ready to be introduced ensuring
the highest possible throughput. Additionally, *“just
in time” sample preparation helps to ensure that the
prepared sample is not kept in the autosampler for a
long time prior to being analyzed, reducing the risk of
analyte degradation and helping to maintain sample
integrity.

The DPX-CX tips work very well for extraction
of opiates, recoveries were in the range from 60 to
85% with RSD’s below 6%. Future work will focus
on determining the lower limits of detection and
quantitation using tandem mass spectrometry with
multiple reaction monitoring. Also, automated DPX
combined with HPLC/MS/MS will be optimized for
other drugs and metabolites.

AN/2009/6 - 6



AN/2009/6 - 7



L O B A L A N A L Y T

GERSTEL GmbH & Co. KG
Eberhard-Gerstel-Platz 1
D-45473 Mulheim an der Ruhr
+49 (0) 208 - 7 65 03-0
+49 (0) 208 - 7 65 03 33
gerstel@gerstel.com
www.gerstel.com

&0 HE

GERSTEL GmbH & Co. KG
Technisches Buro Berlin
Marburger StraBe 3

10789 Berlin

(030) 21 90 98 28
(030) 21 90 98 27

@ tb_berlin@gerstel.de

GERSTEL GmbH & Co. KG
Technisches Biro Bremen
Parkallee 117

28209 Bremen

(04 21) 3 47 56 24
(04 21) 3 47 56 42

@ tb_bremen@gerstel.de

GERSTEL GmbH & Co. KG
Technisches Buro Karlsruhe
Greschbachstral3e 6a
76229 Karlsruhe

(0721)963 92 10
(07 21) 963 92 22

@ tb_karlsruhe@gerstel.de

GERSTEL GmbH & Co. KG
Technisches Buro Munchen
Stefan-George-Ring 29
81929 MUnchen

(04 21) 3 47 56 24
(04 21) 3 47 56 42

@ tb_bremen@gerstel.de

GERSTEL, GRAPHPACK und TWISTER
sind eingetragene Warenzeichen der
GERSTEL GmbH & Co. KG

Anderungen vorbehalten
Information, descriptions and specifications in this

Publication are subject to change without notice.
GERSTEL, GRAPHPACK and TWISTER are

registered trademarks of GERSTEL GmbH & Co. KG.

Printed in the Rep. of Germany
© Copyright by GERSTEL GmbH & Co. KG

I C A L S O L U T 1

GERSTEL Inc.

701 Digital Drive, Suite J
Linthicum, MD 21090
+1 (410) 247 5885
+1 (410) 247 5887
info@gerstelus.com
www.gerstelus.com

®® Hp)

GERSTEL AG

Enterprise

Surentalstrasse 10
CH-6210 Sursee

+41 (41)9 21 97 23
+41 (41)9 21 97 25
gerstel@ch.gerstel.com
www.gerstel.de

®® HH

GERSTEL K. K.

2-13-18 Nakane, Meguro-ku

Dai-Hyaku Seimei Toritsudai Ekimae Bldg 2F
152-0031 Tokyo

+81 35731 5321

+41 35731 5322

info@gerstel.co.jp
www.gerstel.co.jp

®® Hh

Management
Systems.

O N S




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


