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Pushing the Limits of Speed and Sensitivity in Drug Screening – 
an LC-MS solution
General unknown analysis of drugs in biological samples is made possible 
at the specialised laboratory of Dr Michael Böttcher, MVZ Labor Dessau GmbH

Author: Rohan Thakur, Executive Vice President, Bruker Daltonics

Forensic toxicology laboratories receive wide varieties of sample type, ranging from urine 
and blood, to hair and oral fl uid, with some matrices posing more challenges to screening 
than others. Oral fl uid testing has more recently been optimised for general unknown 
analysis, enabling laboratories to offer such a service to health clinics, psychiatric hospitals, 
prisons, specialist psychiatric prisons, as well as private physicians working in addiction 
medicine, for example.

Toxicology Case Study - 
Dr Michael Böttcher’s Laboratory
Dr Michael Böttcher’s laboratory at the MVZ Laboratory based in Dessau, Germany, is 
renowned for its specialist capabilities in drug screening analysis and toxicological studies, 
and offers a complete analysis spectrum for a wide range of biological matrices. 

As a comprehensive analytical facility, the laboratory receives samples from a vast range 
of sources: “At Lab-Dessau we do all kinds of drug testing: therapeutic drug monitoring, 
drugs of abuse testing, workplace drug testing, intoxication cases, clinical drugs testing, 
especially for addiction medicine. We work for a large number of addiction clinics in large 
cities like Berlin. We monitor therapeutic drugs in addition to looking for drugs of abuse,” 
explained Dr Böttcher, “we work for many institutions which are involved with addiction or 
drugs of abuse.”

Dr Böttcher’s laboratory services customers all over Europe, including in Ireland, the 
Netherlands, Sweden, Poland and Austria, and are renowned for their unique routine 
capabilities and rapid turnaround time. 

“We are very specialised in numerous rare drugs tests. We also conduct forensic testing, as 
we’re forensic accredited we work for a number of Forensic Institutes. A lot of customers 
need new psychoactive substance testing which is less routine, so they send the samples 
to us because of our renowned specialist capabilities,” commented Dr Böttcher. Samples 
are sent to the laboratory frequently for synthetic cannabinoid testing, as well as synthetic 
opioids and internet drugs, so called ‘legal highs’. Modern ‘designer drugs’ are sent to the 
laboratory, in addition to those which have been on the market for decades. Dr Böttcher’s 
laboratory is capable of analysing drugs from capillary blood samples, urine, hair, and oral 
fl uid - the latter of which has been most recently optimised and is particularly unique to 
this laboratory, as Dr Böttcher explained:

“We are quite specialised in oral fl uid testing. We receive and test approximately 300-400 
oral fl uid samples per day and unlike many other laboratories which use immunoassay 
techniques, we use liquid chromatography-tandem mass spectrometry (LC-MS/MS). Using 
this method, we routinely look for 68 substances in one run, which is done very sensitively. 
From the beginning this has been a highly sophisticated testing method.”

The laboratory relies on dependable instruments which operate with minimal downtime, in 
order to service customers with time-sensitive samples. The ability to run general unknown 
analysis depends on the comprehensive library of drug compounds available to the 
laboratory, so maintaining this as well as updating methods is critical to ongoing research 
and service development.

GC-MS vs. LC-MS
Gas chromatography mass spectrometry (GC-MS) is the traditional approach to 
toxicological drug screening using general unknown analysis, but has steadily been 
overshadowed by the rapid turnaround time, ease of use and high sensitivity of innovative 
LC-MS methods. Despite the increased popularity of LC-MS, Dr Böttcher’s laboratory still 
uses GC-MS for screening certain samples, as some substances are not visible using 
LC-MS. For routine work the laboratory now uses the Toxtyper™ - an LC-MSn library-based 
solution from Bruker Daltonics. 

“For routine general unknown analysis, we don’t use GC-MS anymore but in some cases, 
particularly in post-mortems where the matrix may be decomposed, it is still a useful 
backup technique. Post-mortems produce a lot of ion suppression in LC-MS, and the 
results are less honest than GC-MS results. The Toxtyper™ is a better way to handle the 
samples and get more satisfi ed customers – our customers have learned that we’re quicker 
now, and have more sensitive techniques for most substances,” explained Dr Böttcher.

Before switching to LC-MS, general unknown analysis using GC-MS on oral fl uid was 
not cost-effective, and therefore not offered to customers. If customers are unaware 
that a certain type of screening is possible, they will not generate demand for it. The 
introduction of the Toxtyper™ allowed the laboratory to lower the cost of general 
unknown analysis, and therefore offer this service. To herald this, last year at the 
German Addiction Medicine Conference, the group’s presentation won the fi rst prize 
– an unusual accomplishment for a laboratory topic in addiction medicine. “They were 
convinced that this was a very nice approach, because with one shot you can see so 
many substances,” commented Dr Böttcher. 

Another reason LC-MS is increasingly favoured over GC-MS is the reduction in sample 
preparation time. Dr Böttcher explained how these time savings occur:

“With GC-MS, you have to complete three sample preparation steps – hydrolysis, 
extraction and derivatisation – before you can run the samples, all of which are very 
time consuming. All these steps are very selective and this is why we have a loss of 
substances. In addition, the samples must be run in batches as sample prep is so 
cumbersome, so if an urgent sample arrives late it is uneconomical to add to the routine. 
This is disadvantageous for general unknown analysis, as you don’t know what you 
are searching for in the fi rst place. The Toxtyper system does not require these selective 
sample preparation steps and therefore, random access is possible. Post-run time is also 
greatly reduced compared to GC-MS and data-mining is more effi cient, and you don’t 
need as much experience.”

Screening Capabilities
In some cases, customers might know which drug they want to screen for, in which 
instance a multi-targeted screening approach can be used. The sensitivity of this method 
is much higher than general unknown analysis (untargeted approach), but in cases of 
intoxication where the drug group involved is not known, general unknown analysis is 
required (Table 1). 

Comprehensive screening of biological samples in forensic toxicology and clinical research is not possible without powerful, highly sensitive instruments, which allow 
researchers to focus on the unambiguous identifi cation of parent drugs and their corresponding metabolites. Gas chromatography mass spectrometry (GC-MS) is the 
traditional approach to toxicological drug screening using general unknown analysis – a broad screening method which screens for over 4000 substances – but has 
steadily been overshadowed by the rapid turnaround time, ease of use and high sensitivity of innovative LC-MS methods.

Mass Spectrometry
& Spectroscopy

000 - Bottcher Spec Article.indd   2 24/08/2017   12:39



13

WWW.LABMATE-ONLINE.COM

Table 1: LC-MS drug screening capabilities at the MVZ Laboratory Dessau, Limbach Group.

General unknown 

screening

Multi-target screening 

(LC-MS/MS)

Number of substances >4000 68

Sample type Oral fl uid, urine, blood, vitreous 

humor, gastric contents

Oral fl uid, urine, blood, vitreous humor, hair, 

meconium

Screening capabilities General Unknown 
Screening

Screening for the complete 
broad range of drugs 
including:
Opiates/opioids
Benzodiazepines
145 Synthetic cannabinoids
Amphetamines
Antidepressants
and many more

Dedicated methods

Ø Opiates/opioids = 65 substances

Ø  Benzodiazepines and set substances 

= 75 substances

Ø Synthetic cannabinoids = 100 substances

Ø  Amphetamines/designer drugs = 

70 substances

Sensitivity 1-25 ng/ml 0.1-2 ng/ml

Multi-target analysis is conducted and embedded in the laboratory’s multi-target 
analytical system with LC-MS/MS. This can be modifi ed and adapted to the customer’s 
individual needs, and currently holds the capability to screen for 68 different substances. 
The laboratory’s dedicated multi-target methods, for example an opiate method or a 
benzodiazepine method, are comprehensive for that specifi c substance class. 

“The customer usually decides when we conduct multi-target analysis or general unknown 
analysis, but this can depend on the case. For example, if a certain case cannot be solved 
using one dedicated analysis, general unknown analysis is implemented. But if a customer 
requests an opioid test, we would use the dedicated opioid method. For the opioid 
method we can test for over 60 substances, the benzodiazepine method, 50 substances 
and with the synthetic cannabinoid method we can test for approximately 100 substances. 
This can be applied to oral fl uid, but also other body fl uids,” commented Dr Böttcher.

In addition to ultra-high performance liquid chromatography (UHPLC), the LC-MS solution 
draws upon a comprehensive drug library for toxicological analysis. Dr Böttcher describes 
how the availability of such a library facilitates their work:

“When we heard that a library is available, which is at least the same size as the GC-MS 
library, but with the addition of glucuronides, we were immediately interested. If the 
library contains all the important glucuronides, hydrolysing isn’t necessary. To establish 
such a library on your own is very complicated, because you can’t buy these glucuronide 
molecules. Hydrolysing cleaves the glucuronides, which is time-consuming and selective 

because some substances are not cleaved 100%, and you can’t buy these substances to 
verify your methods. This is not widespread knowledge, and is an important issue in urine 
toxicology. The combination of the library containing the glucuronides and the Toxtyper™ 
instrument is a big success, especially for urine analysis.”

Dr Böttcher’s laboratory uses two drug libraries for their toxicology work; one 
developed by Bruker and one by an external scientific institute: the Maurer/
Wissenbach/Weber (MWW) Library (Wiley-VCH, Weinheim, Germany, 2014, TT-M2). 
The laboratory uses Bruker’s library, which contains approximately 1000 parent 
substances, for scheduled purposes: there is a narrow detection time window where 
the substance must be found if it is present. This leads to increased sensitivity as 
the software is directed to the specific substance. The MWW library contains 1500 
substances as well as 3000 metabolites (including glucuronides) and unlike the 
Bruker library, it is not indexed on retention time. This means that sensitivity is lower, 
but the library is extremely comprehensive and contains the necessary metabolites in 
addition. 

Toxicology in the Future
Due to the rapidly changing industry in which laboratories such as MVZ Labor Dessau 
conduct their work, new methods must constantly be developed to keep pace with the 
drugs market. To facilitate this, instrumentation and software must also remain up-to-date. 
Extensions of external drug libraries are usually a top priority for future developments. 
Many new psychoactive substances and synthetic cannabinoids break into the market at a 
rapid pace, so are not all included in the current libraries. 

Laboratories are able to add substances to the Toxtyper™ library themselves but for urine 
samples, metabolites are required and cannot be bought like the parent substances. 
Updates to urine metabolite libraries are, therefore critical to the continued success of 
toxicology laboratories. 
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Special Offer for Spectrophotometer 
Users in the UK & Ireland Announced
Labtech International Ltd is 
pleased to offer a generous trade-in 
that allows existing UK and Ireland 
users of the NanoDrop™ ND1000 to 
upgrade to the latest specifi cation 
NanoDrop™ One micro-volume UV/
visible spectrophotometer.

Just some of the highlights of the NanoDrop™ One include: Acclaro™ specimen intelligence 
– contaminant detection; Auto blank, auto measure – improved workfl ow; Bubble detection – 
improved measurement Integrity; compact standalone design – reduced footprint.

For further details of this exciting offer please contact Labtech International Ltd.
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Patent Approval for Tandem Ionisation Announced
Markes International has announced that its US patent (US 15/231,383) for Tandem Ionisation® has been approved.

Tandem Ionisation is the latest extension of the company’s patented Select-eV® technology (US Patent Number 9,524,858). Select-eV is the technology 
enabling acquisition of both reference-quality 70 eV spectra and repeatable ‘soft-ionisation’ spectra without the loss in sensitivity, use of chemical reagents 
or hardware changes that have historically been associated with soft ionisation. This award-winning way of producing both ‘hard’ and ‘soft’ EI mass 
spectra greatly speeds up the process of differentiating between similar compounds, such as structurally similar isomers and identifying unknowns.

Tandem Ionisation builds on the Select-eV technique by ‘multiplexing’ ionisation energies, allowing two sets of spectra to be simultaneously acquired 
across a single GC or GC×GC peak – both 70 eV spectra for spectral matching against commercial libraries, and the soft ionisation spectra.

Alun Cole, Founding Director at Markes International, said: “Since 2014, we have worked to establish soft EI as an essential component of the GC–MS 
toolbox and we are thrilled that the technology continues to gain momentum. With Tandem Ionisation, BenchTOF-Select is the only instrument capable 
of providing analysts with all the information required for reliable compound identifi cation in a single GC or GC×GC run.”

The Tandem Ionisation patent has been approved in the US and is patent-pending in a number of countries across the world.
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