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ABSTRACT
A new label-free quantification method based on the Minora algorithm is presented and 
compared to pre-existing label free quantification methods in the Thermo Scientific™ 
Proteome Discoverer™ software framework. The results of the new algorithm were 
significantly more accurate across a wide dynamic range compared to spectral counting and 
“Top N” quantification. The new algorithm was also run on a subset of the Akhilesh Pandey 
human proteome dataset to identify proteins specific to specific tissue types.

INTRODUCTION
Proteome Discoverer software is a node-based workflow engine and study management 
platform for analysis of mass spectrometry-based proteomics datasets. The latest released 
version 2.1 fully supports isotopically-labeled quantitative workflows, such as TMTTM reporter 
ion-based quantification and SILAC precursor ion quantification, but the supported label-free 
quantification methods are significantly less sophisticated. Currently, spectral counting is 
possible but not recommended when quantitative accuracy is required.  The only supported 
label-free quantification workflow produces an average abundance of the top “N” most 
abundant peptides and this has been shown to be accurate for even highly complex datasets.  
However, “Top N” quantification results cannot be used to create ratios, scaled abundance 
values, or to be used as replicates to generate standard errors. Here we present a new 
workflow for untargeted label-free quantification using a new feature detection approach that 
provides the full suite of quantitative capabilities previously only available for isotopically-
labeled quantification. The workflow will be compared to the two aforementioned label-free 
quantification workflows available within Proteome Discoverer 2.1 software.

MATERIALS AND METHODS
A standard dataset of Arabidopsis proteasome proteins spiked into a background of E. coli 
proteins (PXD003002) was downloaded from the PRoteomics IDEntifications (PRIDE) 
repository. This dataset was originally used to evaluate a spectral counting algorithm and is 
described in reference 1. The Pandey human proteome dataset2 was also downloaded from 
PRIDE and a portions of the dataset to demonstrate untargeted label free quantification of 
data with a multi-dimensional separation.  

For quantification using spectral counts, each of the datasets with the different levels of 
Arabidopsis proteasome proteins was run separately in batch mode using a standard 
Sequest™ HT-Percolator workflow and a basic consensus workflow.  Subsequently, all 
Processing results were reprocessed using a single Consensus workflow with the “Merge 
Mode” parameter in the MSF files node set to Do Not Merge.  With this setting, the number of 
unique peptides and PSMs for each of the datasets will be represented as a separate column.  
The Sequest HT search was performed against the entire Arabidopsis thaliana and 
Escherichia coli databases. The table with PSM values for each sample was exported to 
Microsoft Excel format and ratios were calculated manually.

For the “Top N” quantification workflow, a Precursor Ion Area Detector node was incorporated 
in the Processing workflow used for spectral counting above.  The default 
“CWF_Comprehensive_Enhanced_Annotation_Quan” template was used for the Consensus 
workflow.  In the Peptide and Protein Quantifier node, the “Top N Peptides Used for 
Quantification” parameter was set to 3. Like for spectral counting, the table with the reported 
Top N protein abundances was exported to Excel and ratios were calculated manually.

New Method for Feature Detection

The new feature detection algorithm is an extension of the Minora algorithm, which had 
already been used for precursor ion quantification since the release of Proteome Discoverer 
1.2 software.  Minora had always detected all isotopic peaks in a given data set, but up to now 
only those LC/MS peaks associated with peptide spectral matches (PSMs), and their 
associated isotopic forms in the case of SILAC, were used for quantification.  In this pre-
release version of Proteome Discoverer 2.2 software, the Minora algorithm has been modified 
to detect and quantify isotopic clusters regardless of whether or not they are associated with a 
PSM.  

A typical Processing workflow for Minora feature detection is shown in Figure 1.  The new 
label-free quantification workflow can be invoked by simply attaching the “Minora Feature 
Detector” to the Spectrum Files node.  This new feature detector will also be used for the 
isotopically-labeled precursor quantification method such as SILAC.

Multidimensional LC profiling

The new untargeted label-free quantification algorithm also supports multi-dimensional label-free data.  
The processing step works as described previously for such data with the feature mapping and 
retention alignment steps only applied to the same fraction from other datasets. Fractions 11-15 for 14 
of the samples from the Pandey group human proteome data were run using the same workflows as 
shown in the previous section. For these data, a total of 5116 proteins and 60616 unique peptides were 
identified.  Unlike the previous version of Proteome Discoverer software where these data were run 
using “Top 3” protein quantification results, the pre-release Proteome Discoverer 2.2 software enables 
scaled abundance visualization of the various samples. Figure 5 shows the proteins most 
overrepresented in the frontal cortex relative to the other samples by sorting by decreasing scaled 
abundance. Many of the most overrepresented proteins are all known to be neural proteins, including 
synapsin-1, synapsin-2, synapsin-3, neuromodulin, and microtubule-associated protein tau.  Also, 
some of these neuronal proteins show no signals for any of the other samples in Figure 5 by showing 
gray boxes indicating that there were no quantification values for these proteins. This is an indication 
that the Feature Mapping is actually working correctly by not associating random features  from the 
other datasets. Also, this shows the value of the scaled abundance compared to ratio calculations. If 
any of the other samples were used as the denominator for the ratio calculations, it might be missed 
that the selected protein is found only in the frontal cortex sample due to the undefined ratios that 
would be produced.

CONCLUSIONS
A new untargeted label-free quantification workflow based on the Minora algorithm has been 
demonstrated on a dataset with proteins at known concentration and is shown to be more accurate 
and sensitive than the previously available label-free quantification approaches from previous versions 
of Proteome Discoverer software. The combination of the label-free quantification workflow integrated 
into the scaling, normalization, and study management features of Proteome Discoverer software 
provide a powerful means for analyzing highly complex proteomics data.
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New Method for Label-Free Quantification in the Proteome  Discoverer Framework

Like the other quantification workflows in Proteome Discoverer 2.1 software, the peptide group 
abundances from the new label-free quantification method are calculated as the sum of the 
abundances of the individual PSMs for a given study factor that pass a quality threshold.  The 
protein abundance is calculated as the sum of the peptide group abundances associated with 
that protein.  

RESULTS AND DISCUSSION
The database searches produced a total of 55 Arabidopsis proteins and 423 E. coli proteins.  
This is less than would be expected given the relatively high protein concentration and long 
gradient length, but the chromatography used for these data analyses was suboptimal with 
peaks up to 5 minutes wide (Figure 3). Also, as the amount of the Arabidopsis proteins added 
to the sample increased past 1 µg, the peptides from these proteasome proteins dominate the 
chromatogram and thus the number of E. coli proteins decreases dramatically with increasing 
Arabidopsis protein concentration (data not shown).

Abundance ratios were calculated using the sample with 1 µg of Arabidopsis protein as the 
denominator. The average ratio for the Arabidopsis proteins are shown in Table 1.  Additional 
columns were added to denote the number of proteins that were quantified due to a 
measurement for both samples used in the ratio. The average ratios were calculated only for 
those proteins that produced a measured ratio.

The spectral counts-based quantification results correctly indicate the direction of expression for 
the Arabidopsis proteasome proteins, but the ratios are inaccurate for the more extreme ratios. 
The response is also relatively non-linear, with the average ratio for the 0.1 µg/1 µg samples 
showing a lower value than the 0.05 µg/1 µg samples and the 3 µg/1 µg ratio measuring lower 
than the 2 µg/1 µg ratio. These results are not a surprise given that it is widely known that this 
type of spectral counting is not expected to produce accurate quantification results. Normalized 
spectral counting algorithms are a significant improvement over the basic spectral counting 
method shown here and reference 1 from which these data were obtained describes a such a 
method. Implementation of such a method using emPAI values is planned for the individual study 
factors is being considered for a future Proteome Discoverer software release. However, all 
spectral counting-based quantification methods usually provide poorer sensitivity and dynamic 
range than other quantitative techniques due to the requirement for multiple PSMs for any given 
protein. As can be seen in Table 1, less than half of the Arabidopsis proteins could be quantified 
across the full dynamic range due to lack of PSMs in the samples with lowest protein abundance.

The “Top N” protein quantification results are shown in the second set of columns in Table 1.  The 
accuracy of the ratios is noticeably improved compared to spectral counting, producing a 
response that is closer to linear.  However, there are fewer quantified proteins in the “Top N” 
method than for spectral counting, primarily due to the requirement that the same three peptides 
need to be identified across all of the datasets. This is in effect even more stringent than the 
spectral counting method above and as a result even fewer proteins are quantified across the 
samples.  Also, while the accuracy of the ratios is improved, the precision of the measurements 
are not much improved over spectral counting.  

For feature detection-based quantification, the calculated ratios were significantly closer to the 
theoretically expected values at the lowest Arabidopsis concentrations. The precision of the ratios 
was also significantly improved in almost all cases for the feature detection results. The use of 
feature mapping led to a significantly increased number of quantified proteins given that only a 
single PSM is required for a given peptide across all raw files. The accuracy and precision of this 
method also benefits from the use normalization based on the E. coli proteins, which are known to 
be equally abundant across all samples.

A screen shot of the Arabidopsis protein identification results with untargeted label-free 
quantification is shown in Figure 4. The ratios and the scaled abundances for the identified 
proteins and peptide groups are color coded based on the level of expression. Scaled 
abundances were originally introduced in Proteome Discoverer 2.1 software primarily for the TMT 
quantification workflow and are now available in the preliminary version of Proteome Discoverer 
2.2 software for feature detection-based label free quantification. The samples can be sorted by 
scaled abundance for any given sample type, as seen in Figure 4 for the highlighted 0.05 sample 
group.  It can be easily seen that each of the proteasome proteins exhibit a similar trend by simply 
looking at the pattern of blue and red boxes. Also, since the scaled abundances exhibit the same 
profile as the ratios, the need for the calculation of ratios is somewhat obviated.

A typical Consensus workflow for label free quantification is also shown in Figure 1. There are 
two new nodes added to this workflow that perform retention time alignment and feature 
mapping. The feature mapper groups features detected from the Processing runs into 
“Consensus Features” that are mapped and quantified across all raw files and performs gap 
filling to find features that were not initially detected in the processing workflows. The Peptide 
and Protein Quantifier node works as previously, with improvements to scaling and 
normalization that benefit all quantification workflows.

There are three new tabs for feature detection results in the consensus report: Consensus 
Features, LCMS Features, and LCMS Peaks. The LCMS features are isotopic clusters 
grouped together for a given raw dataset and consist of multiple LCMS Peaks. Ultimately, the 
release may not include the LCMS Peaks list given that as much as 10’s of millions peaks 
could be detected in complex datasets. The consensus features link directly to the associated 
peptide group as well as the list of LCMS features detected from each data files (Figure 2).  
Also, when a consensus feature is selected, the traces for each of the features are shown in 
the chromatogram traces view. When a single LCMS Feature is selected, the chromatographic 
profile for only that individual feature is displayed.

Figure 1. Typical Processing and Consensus workflows for untargeted label-free 
quantification. The Minora Feature Detector, Rt-Aligner and Feature Mapper are new nodes 
created for the untargeted label-free quantification workflow. The Minora Feature Detector 
will also replace the old Precursor Ions Quantifier node used for SILAC and other precursor 
ion quantification workflows.

Figure 2. The Consensus Features table is linked to the collection of LCMS Features from 
each raw file. The chromatographic profiles for each LCMS Feature are shown in the 
Chromatogram Traces View at the bottom.
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Figure 3. Base peak chromatograms for three of the LC/MS runs, each scaled to 2e7 
intensity.  The dataset at the bottom is dominated by Arabidopsis peptides, leading to 
significant suppression the E coli peptides. Also, the typical chromatographic peak in this 
chromatogram can be up to 5 minutes wide, also decreasing the number of peptides and 
proteins that can be identified.
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Quantified 
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0.05 0.59±0.24 28 0.22±0.32 22 0.040±0.028 47
0.1 0.45±0.19 33 0.24±0.16 26 0.084±0.050 49
0.25 0.7±0.27 47 0.4±0.29 36 0.24±0.10 52
0.5 0.77±0.24 50 0.51±0.27 39 0.52±0.13 54
1.5 1.48±0.50 52 1.72±0.60 47 1.35±0.24 55
2 1.9±0.93 52 2.85±1.51 47 1.91±1.0 55
3 1.67±0.70 52 3.92±1.80 47 2.82±0.80 55

Table 1. Average Arabidopsis thaliana protein ratios and standard deviations using the 1 ug
sample as the denominator for the three different label-free quantitative methods. The 
number of quantified proteins associated with each quantification method is also displayed 
in the column adjacent to the ratios. There were 55 identified Arabidopsis proteins in total 
identified across the samples.

Figure 4. Untargeted label-free quantification results within the Proteome Discoverer 
software framework. Both the ratios and the scaled abundance values are color-coded to 
display significantly under- or over-expressed proteins.

Processing Consensus

Figure 5. Minora feature detection results for the subset of the Pandey human proteome 
dataset.  The features are sorted by decreasing scaled abundance for the frontal cortex 
sample.
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 
6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 
6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 

6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 
6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 
6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 
6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 

6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 
6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 

6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 

Full Scan 
Chromatogram  

(5 ppm tolerance) 
DETECTION/ 

QUANTITATION 

Internal 
Standard 

Library Match  
from ddMS2 Spectra 

(SI = 909, RSI = 917) 
CONFIRMATION 

DEMO_Spl4 

DEMO_Spl5 

DEMO 

DEMO 
DEMO 

DEMO 

DEMO 

DEMO 

DEMO_Spl1 

DEMO_Spl2 

DEMO_SPL3 

DEMO 

DEMO 

Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 

Full Scan Chromatogram  
(5 ppm tolerance) 

DETECTION/ QUANTITATION 

Fragment Match 
from AIF Spectra 
CONFIRMATION 

DEMO_SPL_3 

RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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Figure 2. Representative data for quantitation of benzoylecgonine.  Quantitation is performed 
on the extracted mass from the Full Scan data. Confirmation is based on matching experimental 
fragmentation spectra to a spectral library. 

Figure 1.  Schematic of Data Acquisition Methods 

Table 3. Calculated concentrations for 21 evaluation  compounds in five unknown samples.  
All confirmed hits are  shown.  Quantitated values are labeled Below Limit of Quantitation (BLQ) if 
the calculated value was below the Low QC concentration 

Table 4. Compounds detected in screening of 5 Unknown samples.  Results are in agreement 
with those obtained by the collaborating laboratory.  INTRODUCTION 

Forensic toxicologists need to quantitate a known set of compounds and screen for many more in as 
little time as possible.  In the past, samples were screened either by GC-MS or immunoassay, both 
of which have significant limitations.  GC-MS requires labor-intensive sample preparation including 
derivatization.  Multiple immunoassays must be used to cover different compound classes, and 
immunoassays are not specific to a particular compound.  LC-MS techniques allow for simpler 
sample preparation and identify individual compounds, not just a class.  

OBJECTIVE 
Analyze post-mortem blood samples by LC-MS to correctly identify, quantify and confirm compounds 
of interest. Compare two mass spectrometric data acquisition methods for suitability. 

MATERIALS AND METHODS 
Sample Processing 

• A single point calibrator, two QCs (one at half and one at double the calibrator concentration) 
were prepared in blank blood (Table 1). 

• Calibrator, QCs and 5 unknown donor samples were processed by a collaborating laboratory 
using protein precipitation with a solution containing inter standards, evaporation and 
reconstitution with phosphate buffer 

• The calibrator and QCs contained 21 compounds selected to evaluate method performance, 
representing multiple drug classes routinely screened in forensic laboratories 

Liquid Chromatography 
• Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG-3400RS pump with OAS-3300TXRS 

autosampler. 
• Mobile Phase A: 5 mM ammonium formate with 0.1% formic acid in water 
• Mobile Phase B: 5 mM ammonium formate with 0.1% formic acid in methanol 
• Column: Thermo Scientific™ Accucore™ PFP, 2.6 µm, 100 x 2.1 mm 
• Gradient:  5-95% B in 6 minutes, 10 minutes total run time 

Mass Spectrometry 
• Thermo Scientific™ Q Exactive™ Focus hybrid quadrupole-Orbitrap™ mass spectrometer 
• HESI ionization source 

Data Acquisition 1 (FS-ddMS2) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• Data-dependent MS-MS fragmentation (ddMS2) spectra at a resolution of 17,500 (FWHM at 

m/z 200) 
• ddMS2 triggered on compound m/z from inclusion list of over 400 compounds 
• Fragmentation used universal stepped collision energy for all compounds. 

• Polarity switching allowed data to be collected in both positive and negative ionization modes in 
one analytical run. (Figure 1) 

Data Acquisition 2 (FS-AIF) 
• Full scan (FS) MS spectra at a resolution of 70,000 (FWHM at m/z 200) 
• All-Ion fragmentation (AIF) spectra at a resolution of 17,500 (FWHM at m/z 200) 

• Fragmentation used stepped collision energy. 
• Polarity switching allowed data to be collected in both positive and negative ionization modes in 

one analytical run. (Figure 1) 

DISCUSSION 
For screening of the unknown samples, ddMS2 and AIF performed equally well for confirmation of 
compounds within the calibration range of this study.  The ddMS2 data still offers the strongest 
identification since the fragmentation spectra ”fingerprint” is collected for a specific precursor.  This 
methodology could be made more sensitive by determining optimal fragmentation energies for 
individual compounds instead of using a universal stepped collision energy.   
AIF data is less specific since the fragments are generated by all ions eluting at the same time. The 
advantage of collecting AIF data is the ability to conduct confident retrospective data analysis using 
fragmentation data. 

CONCLUSIONS 
• The developed methods were able to both quantitate a known set of compounds and detect 

unknown compounds in post-mortem blood samples.  
• Compounds from many classes can successfully and specifically be screening in a single analytical 

run 
• We demonstrated a sensitive and confident targeted screening method for analysis of 465 

compounds in post-mortem blood. 
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Comparison of Two High-Resolution Mass Spectrometry Data Acquisition Methods for Screening, Quantitation and 
Confirmation of Compounds in Post-Mortem Blood 

Method Evaluation 

Detection limits were evaluated using the 21 representative compounds in the calibrator and QCs 
(Table 1). Quantitation was performed on the full-scan extracted ion chromatographic peak using the 
single point calibrator and linear-through-zero calibration curves.  The full scan peaks were 
reconstructed with a mass accuracy of 5 ppm.  Confirmation of detected peaks was based on either 
the ddMS2 spectra matched to a spectral library or the presence of known fragments in the AIF 
spectra, depending on which data acquisition method was used. 

Identification accuracy for identifying unknown compounds was evaluated by analyzing unknown 
blood samples previously analyzed by a collaborating laboratory and correlating the results with 
those from the collaborator.  Screening identification was based on exact mass and retention time. 
Confirmation was based on matching ddMS2 scans to a spectral library or presence of known 
fragments in the AIF spectra, depending on which data acquisition method was used. 

Table 2.  Quality Control Quantitation Results. All compounds that had stable-labeled analogs for 
internal standards quantitated to within 15% of nominal concentration. Accuracies for some of the 
compounds that did not have deuterated analogs were outside of the 20% range, suggesting that 
analogs are needed if rigorous quantitation is required.  These results agreed with those obtained by 
the collaborating laboratory (data not shown). 

Figure 3. Representative data for screening.  Identification is based on accurate m/z and 
retention time. Confirmation is based on matching known fragments to the AIF spectra. 

Class Compound Calibrator 
(ng/mL) 

QC Low 
(ng/mL) 

QC High 
(ng/mL) 

Cutoff 
(ng/mL) 

Opiate/opioid 6-MAM 2 1 4 2 

Benzodiazapine 7NH2-Clonazepam 20 10 40 20 

Benzodiazapine Alprazolam 10 5 20 10 

Cocaine Benzoylecgonine 20 10 40 20 

Opiate/opioid Buprenorphine 1 0.75 3 1 

Benzodiazapine Chlordiazepoxide 20 10 40 20 

Opiate/opioid Codeine 20 10 40 20 

Opiate/opioid Fentanyl 1 0.75 3 1 

Gabapentin Gabapentin 1000 500 2000 1000 

Opiate/opioid Hydrocodone 10 5 20 10 

Opiate/opioid Hydromorphone 5 2.5 10 5 

Benzodiazapine Lorazepam 10 5 20 10 

Opiate/opioid Methadone 50 25 100 50 

Opiate/opioid Morphine 10 5 20 10 

Benzodiazapine Nordiazepam 20 10 40 20 

Benzodiazapine Oxazepam 20 10 40 20 

Opiate/opioid Oxycodone 10 5 20 10 

Opiate/opioid Oxymorphone 5 2.5 10 5 

Gabapentin Pregabalin 1000 500 2000 1000 

Benzodiazapine Temazepam 20 10 40 15 
Benzodiazapine Triazolam 5 2.5 10 5 

Full Scan 
(Positive)  

R = 70,000 

2 @ ddMS2 
Scan (Pos) 
 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

2@ ddMS2 
Scan (Neg) 
 R = 17,500 

Full Scan 
(Positive)  

R = 70,000 

AIF Scan 
(Pos) 

 R = 17,500 

Full Scan 
(Negative) 

 R = 70,000 

AIF Scan 
(Neg) 

 R = 17,500 

Table 1. Representative compounds used for detection limit evaluation with calibrator and 
QC concentrations. 

Compound QC-Hi (ng/mL) QC-Hi %Diff QC-Low (ng/mL) QC-Low Diff 

6-Acetylmorphine 5.37 34.1* 1.27 26.9* 

7-Aminoclonazepam 56.5 41.2* 15.8 57.6* 

Alprazolam** 20.9 4.50 5.27 5.34 

Benzoylecgonine** 37.1 -7.19 9.48 -5.18 

Buprenorphine 4.16 38.5* 1.65 120* 

Chlordiazepoxide 46.6 16.4 11.7 17.3 

Codeine** 39.9 -0.230 9.8 -2.07 

Fentanyl 3.03 1.03 0.307 -59.1* 

Gabapentin 1740 -13.0 545 9.02 

Hydrocodone 21.0 5.23 4.69 -6.26 

Hydromorphone 11.5 15.3 2.68 7.28 

Lorazepam 26.6 33.1* 4.65 -7.10 

Methadone** 88.7 -11.3 21.9 -12.5 

Morphine 45.9 130* 11.1 122* 

Nordiazepam** 39.1 -2.36 9.23 -7.70 

Oxazepam 48.3 20.8* 11.0 9.95 

Oxycodone 20.6 3.18 4.82 -3.66 

Oxymorphone** 11.4 14.3 2.78 11.2 

Pregabalin 2240 12.0 621 24.3* 

Temazepam 38.4 -4.02 9.92 -0.800 

Triazolam 11.1 10.8 2.81 12.5 

** Compounds with stable-labeled analog internal standards 
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Compound Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 Cut-Off 

6-Acetylmorphine ND ND 666 ND 0.745(BLQ) 2 
7-Aminoclonazepam 3.97(BLQ) 4.31(BLQ) 8.54(BLQ) ND 4.03(BLQ) 20 
Alprazolam ND 11.4 ND ND 10.4 10 
Benzoylecgonine 32.0 ND ND 600 ND 20 
Buprenorphine 3.80 1.98 7.08 2.13 0.918 1 
Chlordiazepoxide ND ND ND ND ND 20 
Codeine ND ND ND 5.32(BLQ) 11.2 20 
Fentanyl 39.6 0.810 ND ND ND 1 
Gabapentin ND 2120 ND ND 30977 1000 
Hydrocodone ND ND ND 1.43(BLQ) ND 10 
Hydromorphone ND ND ND 1.81(BLQ) 3.01 5 
Lorazepam ND ND ND ND ND 10 
Methadone ND 536 ND ND 30.4 50 
Morphine 13.0 ND ND ND ND 10 
Nordiazepam 37.3 ND 49.2 120 ND 20 
Oxazepam 3.90(BLQ) ND 2.86(BLQ) 16.1 ND 20 
Oxycodone ND ND ND 215 61.0 10 
Oxymorphone ND ND ND 12.6 471 5 
Pregabalin ND ND 740 ND 1179 1000 
Temazepam 1.73(BLQ) ND 2.70(BLQ) 4.73(BLQ) ND 15 
Triazolam ND ND ND ND ND 5 
ND: Not Detected 

Sample #1 Sample #2 Sample #3 Sample #4 Sample #5 

Amphetamine Alprazolam  1-(3-Chloro-
phenyl)-Piperazine  

Anhydroecginine 
Methyl Ester Alprazolam 

Anhydroecgonine  Caffeine Atenolol Anhydroecgonine Buprenorphine 

Benzoylecgonine  Cotinine  Buprenorphine Benzoylecgonine  Caffeine 

Caffeine Ecgonine Methyl 
Ester  Caffeine Buprenorphine Cotinine 

Cotinine  EDDP Cyclobenzaprine  Caffeine EDDP 

Diazepam   Fentanyl  Diazepam Diazepam Gabapentin 

Ecgonine Methyl 
Ester   Gabapentin m-CPP Ecgonine Methyl 

Ester  Meprobamate 

Fentanyl  Methadone Naloxone  Gabapentin  Methadone 

Gabapentin  Methylphenydate  Nordiazepam  Levamisole  Noroxymorphone  

Morphine Nicotine Noroxymorphone  Meprobamate  Oxycodone 

Naproxen Nortriptyline Temazepam  Metazolone  Oxymorphone 

Nicotine Paraxanthine   Norbenzoylecgonine  Paraxanthine  

Nordiazepam  Pregabalin Norcodeine  Pregabalin  

Norfentanyl  Protriptyline Nordiazepam  Theophylline  

Paraxanthine  Ritalinic Acid Noroxycodone  Alprazolam  

Quinidine/ 
Quetiapine    Noroxymorphone  Buprenorphine 

Temazepam  Oxycodone Caffeine 

Theophylline    Oxymorphone Cotinine 

Trazodone  Paraxanthine  EDDP 

Temazepam  Gabapentin 

Theophylline  

Method 1:  Full Scan with Data-Dependent Fragmentation (FS-ddMS2) 

Method 2: Full Scan with All-Ion-Fragmentation (FS-AIF) 
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RESULTS 
All 21 of the known compounds in the calibrator and QC samples were detected and quantified 
using both methods.  All QC compounds that had deuterated analogs as internal standards were 
within 20% of nominal concentration.  Accuracies for some of the compounds that did not have 
deuterated analogs were outside of the 20% range, suggesting that analogs are needed if rigorous 
quantitation is required (Table 2). These data agree with the results obtained by the collaborating 
laboratory (data not shown). An example of quantitative data results using the FS-ddMS2 data is 
shown in Figure 2. 
For screening of the five unknown samples, quantitative results were obtained for the 21 evaluation 
compounds and are listed in Table 3. Results were reported for any peak that was both detected 
and confirmed.  Since a rigorous Limit of Quantitation was not determined in this experiment, the 
quantitation limit is defined as half of the Low QC concentration.  Values that are below that 
concentration are labeled as Below Limit of Quantitation (BLQ). These values again agree with 
those obtained by the collaborating laboratory. 
Compounds identified by m/z and retention time and confirmed by ddMS2 spectral matching  or 
presence of fragments in AIF spectra for each unknown sample are listed in Table 4. Correlation of 
compounds identified by the collaborator and by the method described here was 100%.  An example 
of a screening hit  using the FS-AIF data is shown in Figure 3. 
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