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Introduction

Currently, GC/MS is the method of choice for quantifying
drugs of abuse. In recent years, however, many forensic
labs have been switching to LC-MS/MS methods, which
do not require time-consuming derivatization or extensive
sample cleanup necessary in GC/MS analyses. Yet, many
of the LC-MS/MS methods described in the literature
either assay a limited number of illicit drug classes or do
not include their primary metabolites
of these illicit drugs (see table 1).1-5 Herein is described a
method to assay multiple drugs of abuse including opiates,
stimulants, depressants, and the primary metabolites of
these illicit drugs. 

Goal

To apply a single LC-MS/MS method to screen for 32
illicit drugs of abuse and their metabolites in biological
fluids.

Experimental Conditions

Sample Preparation 

Whole blood or urine samples (0.1–0.4 mL) were spiked
with 20 ng of isotopically labeled internal standards and
purified by solid phase extraction (SPE). Extracted
samples were reconstituted to yield solutions with the
internal standards at 25 ng/mL.

HPLC

HPLC analysis was performed using the Thermo
Scientific Surveyor HPLC System. Each 10 µL sample
was injected directly onto a Thermo Scientific Hypersil
GOLD PFP 50× 2.1 mm, 3 µm analytical column.
A gradient LC method used mobile phases A (0.1%
formic acid in water) and B (0.1% formic acid in
acetonitrile) at a flow rate of 0.3 mL/min.

Mass Spectrometry
MS analysis was carried out on a Thermo Scientific
TSQ Quantum Discovery MAX triple stage quadru-
pole mass spectrometer with an electrospray ionization
(ESI) probe. The MS conditions were as follows:

Ion source polarity: Positive ion mode
Ion transfer tube temperature: 370°C
Scan Type: SRM
SRM scan time: 10 ms per transition
Q1, Q3 resolution: unit (0.7 Da FWHM)

Two SRM transitions were monitored for each
component to provide ion ratio confirmations (IRC).
Table 1 summarizes these SRM transitions. 
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Table 1: Summary of SRM transitions for 32 illicit drugs.



Results and Discussion

Figures 1 and 2 demonstrate the separation of 32 illicit
drugs in less than 10 minutes. Using an SRM dwell time
of 10 ms per transition yielded a minimum of 15 data
points across an LC peak. The limits of quantitation
(LOQs) were determined as either 0.5 ng/mL (lowest cali-
brator concentration used) or as the concentration where
the percent relative errors and %CVs were less than 20%
for five replicate injections.

As shown in Figure 3, most calibration curves were
fit using linear regression. Some standards (for example,
cocaine) yielded better statistical calibration curves using
quadratic regression. In these select cases, the target
compound used a structurally different isotopically labeled
internal standard (for example, cocaine used D5-nor-
diazepam as internal standard).

The assay of biological sample extracts identified
multiple drugs of abuse and related metabolites. Figures
4A and B demonstrate examples of urine and whole blood
extracts assayed for the presence of illicit drugs with the

developed LC-MS/MS method. Note that cocaine and
benzoylecgonine were detected and qualified below the
assay LOQs in a whole blood extract (Figure 4B), indi-
cating that lower LOQs are possible for these compounds.

Conclusion

An LC-MS/MS method for assaying illicit drugs and their
metabolites at an LOQ of 0.5–2.5 ng/mL in biological
fluids for forensic use has been demonstrated.
Confirmation of the drugs of abuse was achieved by moni-
toring two SRM transitions per compound and measuring
their area ratios to within ±20%. Utilizing a low SRM
dwell time of 10 ms per transition to achieve sufficient
data points across a chromatographic peak had no adverse
effects, such as SRM cross-talk, on the quantitation and
confirmation of these illicit drugs. To authenticate this
assay, extracts from  biological fluids were analyzed,
showing the presence of several drugs of abuse and their
metabolites. 
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Figure 1: Quantifier SRM transitions for the 2.5 ng/mL standard. For the compound designators, refer to the legend in Table 1.
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Figure 2: Qualifier SRM transitions for the 2.5 ng/mL standard. For the compound designators and the target ion ratio %, see Table 1.
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Figure 3: Calibration curves for select drugs of abuse. Regression curve fitting used 1/x weighting from five replicate injections, where R2 > 0.993 for all standards.
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Figure 4A: Assay of urine extract (#423) targeting morphine and its
metabolites. The concentration of benzoylecgonine is estimated because
a labeled internal standard was not added to the sample extract.
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Figure 4B: Assay of whole blood extract (#473) targeting amphetamine
and its metabolites. The concentrations of ephedrine, benzoylecgonine
and cocaine are estimated because labeled internal standards were not
added to sample extract.

Thermo Fisher Scientific,
San Jose, CA USA is ISO Certified.

For Research Use Only. Not for use in diagnostic procedures.

Legal Notices

©2007-2008 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries. This infor-
mation is presented as an example of the capabilities of Thermo Fisher Scientific Inc. products. It is not intended to encourage use of these products in any
manners that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject to change. Not all products are available in
all countries. Please consult your local sales representative for details.

In addition to these 

offices, Thermo Fisher

Scientific maintains 

a network of represen-

tative organizations 

throughout the world.

Africa-Other
+27 11 570 1840
Australia
+61 2 8844 9500
Austria
+43 1 333 50 34 0
Belgium
+32 2 482 30 30
Canada
+1 800 530 8447
China
+86 10 8419 3588
Denmark
+45 70 23 62 60 
Europe-Other
+43 1 333 50 34 0
Finland / Norway /
Sweden
+46 8 556 468 00
France
+33 1 60 92 48 00
Germany
+49 6103 408 1014
India
+91 22 6742 9434
Italy
+39 02 950 591
Japan 
+81 45 453 9100
Latin America
+1 608 276 5659
Middle East
+43 1 333 50 34 0
Netherlands
+31 76 579 55 55
South Africa
+27 11 570 1840
Spain
+34 914 845 965
Switzerland
+41 61 716 77 00
UK
+44 1442 233555
USA
+1 800 532 4752

www.thermo.com


