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ABSTRACT
Solid phase extraction (SPE) is a widely used, proven method 
for sample preparation and sample clean-up in the fi eld of 
forensic analysis. Most SPE products, however, are designed 
in such a way that relatively large volumes of solvent are 
required for the process. Consequencently, sample processing 
times, cost per sample, as well as limits of detection are 
often unnecessarily high, negatively affecting overall method 
performance and cost.

Disposable Pipette Extraction (DPX) was developed as an 
alternative to traditional SPE, combining effi cient and rapid 
extraction with signifi cantly reduced solvent consumption. 
DPX is a novel dispersive solid-phase extraction technique 
that is based on sorbent loosely contained in a pipette tip 
in which it is effi ciently mixed with sample solution. The 
main advantages of DPX technology are: rapid extractions, 
high recoveries, negligible solvent waste, and the fact that 
extractions can be fully automated and combined with direct 
introduction of the extracts to the chromatography system. 

This study focuses on the automated extraction of small 
sample volumes combined with LC-MS/MS analysis 
providing high throughput analysis of common pain 
management drugs. Using a GERSTEL MultiPurpose 
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Sampler (MPS), DPX extractions of hydrolyzed 
urine were performed, using a reversed phase sorbent 
with a proprietary salt additive (DPX-RP-S). The 
resulting eluents from the automated DPX extractions 
were introduced into an Agilent 6460 LC-MS/MS 
instrument.

Coupling DPX to LC-MS/MS provides rapid, 
just-in-time sample preparation for high throughput 
analysis. The DPX extraction removes potential matrix 
interferences, minimizing ion suppression and sample 
dilution and thereby achieving high overall sensitivity 
for the target analytes.

INTRODUCTION
Several important pain management drugs have been 
quantifi ed in biological fl uids by automated DPX 
followed by derivatization and GC/MS.  However, 
this approach was limited to compounds amenable 
to derivatization such as nordiazepam and -OH-
alprazolam. DPX-LC-MS/MS was chosen in order to 
eliminate the need for derivatization and to address a 
broader range of pain management drugs.

Data show that using an Agilent 6460 LC-MS/MS 
instrument results in highly sensitive initial screening 
of pain management drugs, allowing their respective 
minimum reporting limits to be met and obtaining 
good linearity for calibration curves. Combining 
DPX with LC-MS/MS analysis using the Agilent 
6460 enables high throughput while minimizing matrix 
interference.

EXPERIMENTAL
Materials. All stock solutions for the compounds 
listed in Table 1 were purchased from Cerilliant. An 
intermediate analyte stock solution was prepared by 
diluting the analyte stock solutions with acetonitrile 
to the required concentrations in order to evaluate the 
different drug classes.
Deuterated analogues, d3-morphine, d5-fentanyl, 
d5-nordiazepam, d5-propoxyphene, d7-carisoprodol, 
d5-amphetamine, d4-ketamine, d4-meperidine, d4-7-
aminoclonazepam, and d5-PCP, were purchased from 
Cerilliant. A working internal standard stock solution 
containing the deuterated internal standards was 
prepared at a concentration of 10.989?g/mL and used 
to represent the drug classes being evaluated. Table 1 
shows which deuterated internal standard was used to 
quantify the respective analytes.
High concentration calibration standard and 
intermediate QC urine samples were prepared 
by making appropriate dilutions of the combined 
intermediate analyte stock solution using analyte 
free urine to give the concentration listed in Table 
1. Calibration standards were then prepared using a 
dilution ratio strategy from the high concentration 
sample of 1:5:2:2.5:2:2. The high and low QC samples 
were prepared using a dilution ratio strategy from the 
high concentration sample of 1:4:5. Table 1 lists the 
concentrations for the highest calibration standard, the 
minimum reportable limit for the analyte, and the limit 
of quantitation found during analyses.
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ß-Glucuronidase, Type-2, from Helix pomatia, 
(cat.#G0876-5mL) was purchased from Sigma-
Aldrich. Fresh urine was obtained from a male 
volunteer. Hydrolysis of urine consisted of combining 
2 mL of urine, 28.4 μL of the working internal standard 
solution, 100 μL of ß-Glucuronidase, and 500 μL of 
0.66 M acetate buffer, pH 4, vortex mixing for 30 
seconds, and then incubating at 55 °C for 2 hours. All 
other reagents and solvents used were reagent grade.

Instrumentation. All automated DPX PrepSequences 
were performed using a dual-head GERSTEL MPS XL 
with DPX Option as shown in Figure 1. All analyses 
were performed using an Agilent 1290 HPLC with 
a Zorbax Eclipse Plus C18 column (2.1 x 100 mm, 
1.8 μm, 600 bar), an Agilent 6460 Triple Quadrupole 
Mass Spectrometer with Jet stream electrospray source 
and GERSTEL MPS XL autosampler configured 
with an Active Washstation.  Sample injections were 
performed using a 6 port (0.25 mm) Cheminert C2V 
injection valve fi tted with a 2 μL stainless steel sample 
loop. 

Figure 1. MPS 2XL MultiPurpose Sampler (MPS) 
with GERSTEL DPX option.

Figure 2. Graphical representation of the DPX 
extraction process.

Urine Sample Pretreatment.

• Pipette 260 μL of hydrolyzed urine sample into a 
clean shell vial.

Figure 2 shows a graphical representation of the 
general DPX extraction process. The automated 
DPX extraction used for this method consisted of the 
following steps:

Automated DPX Prep Sequence.
DPX Extraction.
• The MPS aspirates 750 μL of 100 % acetonitrile 

into the 2.5 mL DPX syringe.
• Pick up a new DPX tip (DPX-RP-S) located on 

the MPS tray.
• The MPS adds 500 μL of 100 % acetonitrile 

through the DPX tip, into the urine sample found 
on the MPS sample tray. 

• Wait 6 seconds to allow acetonitrile to completely 
wet the DPX sorbent.

• Aspirate the entire sample and then air into DPX 
tip.

• After equilibrating for 5 seconds, dispense the 
contents of the DPX tip, as well as the remaining 
acetonitrile found within the DPX syringe, back 
into the original shell vial in the tray.

• Move the DPX tip to the PipWaste position and 
dispose of the DPX tip.

Evaporation.
• Transfer 450 μL of the upper liquid layer located 

within the original shell vial, into a clean, empty, 
magnetically capped autosampler vial with septum 
located on a VT98 tray. 

• Transport the vial to the SPESampl position of the 
Evaporation Station Option.

• Transport the Evaporation Station Tool to the 
SPEVial position.

• Evaporate the sample to dryness under a stream 
of nitrogen for 4 minutes at 70°C

• Transport the Evaporation Station Tool to the 
SPEWaste position.

• Transfer 250 μL of 10 % methanol in water into 
the vial and mix for 10 seconds.

• Transport the vial back to the original position on 
the VT98 tray.
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Analysis conditions LC.
Pump: gradient (600 bar), 
 fl owrate = 0.5 mL/min
Mobile Phase: A - 5 mM ammonium formate with 
       0.05 % formic acid
 B - 0.05 % formic acid in methanol
Gradient: Initial 5 % B
 0.5 min 5 % B
 1.5 min 30 % B
 3.5 min 70 % B
 4.5 min 95 % B
 6.5 min 95 % B
 7.5 min 5 % B
Run time: 12 minutes  
Inj. volume: 2.0 μL (loop over-fi ll technique)
Column temp.: 55°C

Analysis conditions MS.
Operation:  electrospray positive mode
Gas temperature: 350°C
Gas fl ow (N2):  12 L/min
Nebulizer pressure: 35 psi
Capillary voltage: 4000 V
delta EMV:  + 400 V
delta RT (min):  0.5 min

The mass spectrometer acquisition parameters are shown in Table 1 including qualifi er ions. A retention time 
window value of 0.5 minute was used for each positive ion transition being monitored during the course of the 
dynamic MRM experiment.

RESULTS AND DISCUSSION
Figure 3 shows representative mass chromatograms for all pain management drugs, along with their respective 
qualifi er ion transitions, from an extracted low QC sample. 

Figure 3. Representative Mass Chromatograms for low QC sample.
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The lower limits of quantitation of this method are shown in Table 1. Representative calibration curves are 
shown in Figure 4. Regression analysis for all pain management drugs analyzed using this method resulted in 
R2 values of 0.99 or greater. 

Figure 4. Representative calibration curves: Carisoprodol, EDDP, Ketamine, and PCP.
The accuracy and precision of the method was determined for all pain management drugs analyzed using QC 
samples at high and low concentrations. Table 2 shows the resulting accuracy and precision data for all pain 
management drugs. Accuracy data averaged 98.9 % (range: 91.2 % - 108 %) and precision data averaged 5.48 
% CV (range: 1.06 % -17.0 %) for all pain management drugs analyzed.

Table 2. QC samples accuracy and precision table.

Compound QC Level Exp. Conc.
[ng/mL]

Ave. Conc.
[ng/mL]

Ave. Precision
[%]

Ave. Accuracy
[%]

6-MAM
QCL 5.00 4.80 8.60 96.1

QCH 25.00 24.88 2.24 99.5

7-Aminoclonazepam
QCL 25.00 23.77 6.97 95.1

QCH 125.00 121.38 3.62 97.1

Alprazolam
QCL 20.00 18.42 4.80 92.1

QCH 100.00 92.30 2.73 92.3

Amphetamine
QCL 50.00 50.31 9.74 101

QCH 250.00 260.62 2.96 104

-OH-Alprazolam
QCL 10.00 9.59 8.36 95.9

QCH 50.00 48.99 11.0 98.0

Benzoylecgonine
QCL 12.50 11.91 6.47 95.2

QCH 62.50 67.46 5.36 108

Buprenorphine
QCL 5.00 4.73 10.8 94.7

QCH 25.00 26.05 7.64 104

Carisoprodol
QCL 25.00 24.40 1.06 97.6

QCH 125.00 125.45 2.57 100

Clonazepam
QCL 20.00 19.18 12.8 95.9

QCH 100.00 103.75 8.90 104

Cocaine
QCL 12.50 12.33 7.71 98.7

QCH 62.50 65.83 5.88 105
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Table 2. QC samples accuracy and precision table (cont.).
Compound QC Level Exp. Conc.

[ng/mL]
Ave. Conc.

[ng/mL]
Ave. Precision

[%]
Ave. Accuracy

[%]

Codeine
QCL 25.00 23.57 6.72 94.3

QCH 125.00 125.35 4.02 100

Diazepam
QCL 20.00 19.20 4.20 96.0

QCH 100.00 98.43 2.91 98.4

EDDP
QCL 25.00 24.23 5.79 96.9

QCH 125.00 124.84 2.18 99.9

Fentanyl
QCL 0.50 0.46 9.09 91.7

QCH 2.50 2.54 4.00 101

Flunitrazepam
QCL 20.00 18.24 1.13 91.2

QCH 100.00 100.09 5.71 100

Hydrocodone
QCL 25.00 23.57 6.72 94.3

QCH 125.00 125.35 4.02 100

Hydromorphone
QCL 25.00 23.54 5.84 94.2

QCH 125.00 128.61 2.62 103

Ketamine
QCL 50.00 47.44 2.62 94.9

QCH 250.00 247.41 1.11 99.0

Lorazepam
QCL 20.00 19.66 9.49 98.3

QCH 100.00 103.91 5.90 104

MDA
QCL 50.00 48.68 10.0 97.4

QCH 250.00 248.23 2.19 99.3

MDEA
QCL 50.00 49.63 8.48 99.3

QCH 250.00 254.70 3.50 102

MDMA
QCL 50.00 48.80 10.8 97.6

QCH 250.00 255.70 3.15 102

Meperidine
QCL 25.00 23.54 2.88 94.2

QCH 125.00 126.71 1.63 101

Meprobamate
QCL 25.00 24.27 2.76 97.1

QCH 125.00 127.82 3.74 102

Methadone
QCL 25.00 23.97 7.03 95.9

QCH 125.00 123.46 3.76 98.8

Methamphetamine
QCL 50.00 48.95 10.2 97.9

QCH 250.00 255.22 4.90 102

Methylphenidate
QCL 25.00 24.51 7.06 98.1

QCH 125.00 129.98 6.09 104

Morphine
QCL 25.00 23.70 3.07 94.8

QCH 125.00 126.66 2.00 101

Nitrazepam
QCL 20.00 19.04 6.27 95.2

QCH 100.00 107.18 7.28 107

Norbuprenorphine
QCL 5.00 5.32 9.42 106

QCH 25.00 24.57 5.93 98.3

Nordiazepam
QCL 20.00 19.22 3.46 96.1

QCH 100.00 101 2.73 101

Norfentanyl
QCL 0.50 0.51 5.52 101

QCH 2.50 2.54 4.32 102
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Compound QC Level Exp. Conc.
[ng/mL]

Ave. Conc.
[ng/mL]

Ave. Precision
[%]

Ave. Accuracy
[%]

Norketamine
QCL 50.00 49.63 1.97 99.3

QCH 250.00 249.28 2.03 99.7

Normeperidine
QCL 25.00 24.18 3.97 96.7

QCH 125.00 123.89 2.04 99.1

Norpropoxyphene
QCL 50.00 48.57 3.37 97.1

QCH 250.00 251.74 2.98 101

o-Desmethyltramadol
QCL 12.50 12.75 5.55 102

QCH 62.50 65.20 9.63 104

Oxazepam
QCL 20.00 19.72 17.0 98.6

QCH 100.00 106.30 9.60 106

Oxycodone
QCL 25.00 23.20 7.50 92.8

QCH 125.00 129.15 5.22 103

Oxymorphone
QCL 25.00 23.61 6.02 94.4

QCH 125.00 126.16 5.40 101

PCP
QCL 2.50 2.35 2.89 94.0

QCH 12.50 12.13 1.65 97.0

Propoxyphene
QCL 50.00 47.14 4.83 94.3

QCH 250.00 249.99 3.88 100

Temazepam
QCL 20.00 19.56 5.81 97.8

QCH 100.00 101.90 8.87 102

Tramadol
QCL 12.50 12.13 2.97 97.0

QCH 62.50 64.03 5.47 102

Table 2. QC samples accuracy and precision table (cont.).

Robustness of the method was evaluated by extracting and analyzing multiple hydrolyzed urine samples at the 
minimum reportable limits of the pain management drugs over three separate days. Table 3 shows the resulting 
precision data for the responses of representative pain management drugs. Precision data averaged 6.04 % CV 
(range: 0.788 % -14.2 %) for all pain management drugs analyzed over the three day period. 

Compound Response
[% CV]

6-MAM 12.9

Alprazolam 6.40

Amphetamine 13.4

-OH-Alprazolam 1.56

Benzoylecgonine 2.64

Buprenorphine 3.99

Carisoprodol 3.04

Clonazepam 4.73

Cocaine 7.77

Codeine 1.06

Diazepam 10.3

EDDP 7.03

Fentanyl 2.13

Compound Response
[% CV]

Flunitrazepam 14.2

Hydrocodone 2.96

Hydromorphone 3.83

Lorazepam 9.38

MDA 6.91

MDEA 4.18

MDMA 5.42

Meprobamate 2.32

Methadone 7.68

Methamphetamine 5.06

Methylphenidate 7.58

Morphine 2.80

Nitrazepam 4.19

Compound Response
[% CV]

Norbuprenorphine 6.99

Nordiazepam 8.20

Norfentanyl 2.49

Norpropoxyphene 8.02

o-Desmethyltramadol 3.30

Oxazepam 8.62

Oxycodone 0.788

Oxymorphone 5.99

PCP 8.59

Propoxyphene 6.79

Temazepam 11.1

Tramadol 5.21

Table  3. Method robustness data.
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The total cycle time per sample for the DPX extraction, 
sample concentration, reconstitution and injection was 
13 minutes, enabling “just in time” sample preparation 
using the MAESTRO software PrepAhead function. 
Using this automated procedure for extraction and 
analysis over 100 samples can be processed per day.

CONCLUSIONS
As a result of this study, we were able to show:
• Over 40 pain management drugs can be successfully 

extracted from hydrolyzed urine samples using 
an automated DPX procedure followed by LC-
MS/MS analysis using the Agilent 6460 Triple 
Quadrapole Mass Spectrometer.

• This DPX method proved to be rapid and readily 
automated using the dual head GERSTEL MPS 
XL robotic sampler.

• Linear calibration curves resulting in R2 values 0.99 
or greater were achieved with limits of quantitation 
ten (10) times lower than the minimum reportable 
limits for the majority of pain management drugs 
analyzed.

• The DPX-LC-MS/MS method proved to be 
accurate and precise. Accuracy data averaged 
98.9 % (range: 91.2 % - 108 %) and precision 
data averaged 5.48 % CV (range: 1.06 % - 
17.0 %) for all pain management drugs 
analyzed. 

• Method robustness data averaged 6.04 % CV 
(range: 0.788 % -14.2 %) for all pain management 
drugs analyzed over a three day period.

“For research use only. Not for use in diagnostic procedures.”
The information provided for this product is intended for reference 
and research purposes only. GERSTEL offers no guarantee as 
to the quality and suitability of this data for your specific 
application.
Information, descriptions and specifi cations in this publication 
are subject to change without notice.
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