
Quantitative Multi Target Screening (MTS)

using liquid chromatography-tandem mass spectrometry 

with MS/MS library based

identification for forensic toxicology

T. Robin1,2, A. Barnes1; N. Loftus1; S. Dulaurent2; S. El Balkhi; F. Saint-Marcoux2

1Shimadzu, Manchester, UK;  2 Department of pharmacology and toxicology, CHU de Limoges, Limoges, France

1. Introduction

Multi Target Screening (MTS) is applied to systemic toxicological analysis to reduce false positive

and negative reporting using MS/MS spectral library based identification.

It uses threshold triggered multiple reaction monitoring (MRM) and MS/MS product ion scans at

three collision energies to identify compounds on mass spectral library searching

We aimed at (i) developing a method to identify most commonly observed compounds in clinical

toxicology (qualitative approach) (ii) testing its performances at infra-therapeutic, therapeutic and

toxic concentrations (quantitative approach)

2. Methods and Materials

Global strategy

MTS methods were developed to screen whole blood spiked with a range of commonly observed

compounds including antidepressant compounds, anxiolytic drugs, analgesics and antipsychotic

agents

Samples were prepared by QuEChERS method with inclusion of 10 internal standards

Data acquisition parameters were set to a single MRM per compound with threshold triggered

MS/MS at 3 collision energies (10, 35, 55V)

Library searching was performed on all CE spectral data in addition to a fourth merged-CE

spectrum

Table 1. LC-MS/MS data acquisition conditions. The method included full scan and MRM data

acquisition in both positive and negative ion mode. 10 internal standard compounds were also

included in the method

Spectral Library >1200 compounds

Each library spectrum was acquired by authentic standard flow injection at collision energies 10-60V

Compounds that ionised efficiently with more than one adduct state were saved resulting in 1476

Library entries from 1207 compounds (1278 positive mode, 229 negative mode)

Optimised MRM transitions were determined for all compounds with chromatographic retention time

and peak area measured

Compound information was populated including: CAS number, formula, synonyms, compound

class/properties, ChemSpider URL and ID number, mol file, InChI and InChIKey.

Toxicological Screening

Compounds were spiked into whole blood, prepared in triplicate at a concentration range 1-1000µg/L

(calibration curves typically ranged 5-500 ug/L)

Quality control samples were prepared (5x) at three concentrations (20, 100, 500 ug/L)

Two MTS methods were prepared, the first measuring benzodiazepines (36 compounds), the second

measuring antiepileptics, antipsychotics, barbiturates and cannabinoids (35 compounds)

3. Results

Quantitative analysis

Using a MRM method followed by three product ion scans at different collision energies resulted in

linear calibration curves over the concentration range of 5-500 ug/L (r2 >0.996 for all compounds)

With regard to accuracy and precision; accuracy was between 80-120% and precision <20%

throughout the calibration range

Using a pause time of 3msecs and a dwell time of 5msec, the scan time was set to 50msecs (scanning

from 30-1000u). As a result of fast data scanning, the peak sampling rate across a peak resulted in

more than 20 data points.

Library hits

A MTS procedure for clinical and forensic toxicology screening was developed for a single

LC/MS/MS method following a QuEChERS extraction of whole blood. This approach results in

robust quantitation using MRM data and enables a higher degree of confidence in compound

identification as shown in Table 2.

Table 2. Library search results for a panel of drugs spiked into whole blood and extracted by

QuEChERS from three QC levels (20, 100, 500 ug/L). Most compounds can be identified as the

first hit in a spectral based library match (5 compounds are identified as the second candidate in

the library; for 4 compounds the hit was not identified as either the first or second candidate).

4. Conclusions

A spectral based library of more than 1200 compounds has been created using certified reference

materials acquired at three collision energies on a triple quadrupole mass spectrometry platform.

A MRM triggered product ion spectra method to quantify and identify a panel of compounds

commonly found in clinical and forensic toxicology was successfully applied to whole blood samples

spiked with a panel of compounds.

All compounds were detected at highest concentration and positively identified using product ion

scan MS/MS library based searching generating higher data quality for compound identification.

Disclaimer: The Shimadzu LCMS-8060 is intended for Research Use Only (RUO). Not for use in

diagnostic procedures.

MRM quantitation

Figure 2. Calibration curve data for flurazepam, temazepam and diazepam spiked into whole

blood and extracted using QuEChERS together with results for accuracy and reproducibility at

two different concentrations (20ug/L and 100ug/L; n=5; %RSD less than 8%)

0
0.0

0.5

1.0

1.5

2.0

Area Ratio

0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Area Ratio

0
0.0

0.5

1.0

1.5

Area Ratio (x10)

250
Concentration ug/L

500 250
Concentration ug/L

500 250
Concentration ug/L

500

Linear regression analysis

R² = 0.9999

Matrix spiked calibration

Diazepam

Quantitation MRM 

Rt 9.047mins

285.10>193.05

Temazepam

Quantitation MRM 

Rt 8.365 mins

301.05>255.05

Linear regression analysis

R² = 0.9999

Matrix spiked calibration

Flurazepam

Quantitation MRM 

Rt 7.371 mins

388.15>315.00

Linear regression 

analysis

R² = 0.9993

Matrix spiked calibration

Mean Accuracy Repeatability 

Calibration standards (n=3 for 

each calibration level)

20ug/L replicate 

(n=5)

100ug/L replicate 

(n=5)

Rt (mins) MRM 5ug/L 20ug/L 100ug/L 500ug/L

Mean 

Conc

(ug/L)  %RSD

Mean 

Conc

(ug/L) %RSD

Flurazepam 7.371388.15>315.00 109.5 95.5 95.3 101.1 18.1 3.0 100.2 7.7

Temazepam 8.365301.05>255.05 103.4 97.8 99.1 100.2 18.8 1.9 101.5 6.0

Diazepam 9.047285.10>193.05 102.0 99.5 98.6 100.3 18.6 2.5 100.2 5.6

MRM triggered product ion spectrum

MRM data was used to generate robust quantitation and also to help trigger product ion scans at 

three different collision energies. 

Compound ID

Diazepam

Molecular Formula

C16H13ClN2O

CAS
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CAS
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Figure 3. MRM triggered product ion

spectrum data for midazolam and diazepam.

The library included spectra for each collision

energy and a separate library for merged

spectra enabling match criteria to be set for a

specific fragmentation voltage (as shown for

midazolam) or to use a broad band

fragmentation and merged spectra (as in the

case for diazepam)
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Figure 1. MRM chromatograms for a panel of drugs extracted from whole blood using a QuEChERS

method corresponding to a concentration of 100ug/L


