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Introduction

Forensic toxicology workflows often rely on multiple analytical techniques and

software platforms to perform comprehensive drug screening and confirmation,

increasing complexity, training requirements, and the risk of workflow

inefficiencies.
« This study demonstrates an integrated approach using Shimadzu LabSolutions

Insight Explore to streamline screening-to-confirmation workflows within a single

environment. Laboratories adopting this workflow should perform appropriate
validation before routine use.

By combining LC-QTOF screening with LC-MS/MS and GC-MS confirmation, the

platform enables efficient data processing, compound identification, and
reporting, improving consistency and overall laboratory productivity.

Experimental Methods

« A combination of LC-MS and GC-MS techniques was used for the screening-
to-confirmation of the forensic toxicological workflow, shown in Figure 1.
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Figure 1. Forensic Toxicology Workflow for screening-to-confirmation
analysis on a single software platform.

« For screening analysis, an LC-MS Q-TOF was used under the conditions
shown in Table 1.

« A mix of standards at 1ppm of concentration were prepared and analyzed by
GCMS-SQ using a Scan/SIM method that targeted over 50 compounds
including common barbiturates and benzodiazepines, among others.

« Table 2 shows the analytical conditions for GC-MS analysis.
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Figure 2. Insight Explore Qualitative Analysis of Opiate Standard

Five minute run time allows for rapid screening

Excellent data quality from Shimadzu LCMS-9050 data independent
acquisition (DIA) allows completely untargeted screening with opportunities
for retrospective data analysis

Insight Explore facilitates rapid, untargeted screening analysis utilizing
Analyze for untargeted feature detection independent of a compound table

Analyze detects features for MS1 and MS2 data
Screening functionality in Analyze for easy targeted screen results

Library Search allows MS2 data to be searched against up to 5 libraries for
increased confidence in analyte identification

Reverse Search capability allows high quality library matches in complex
matrices

Library Search is compatible with multiple library types - Insight can import
libraries from excel files, text files, structure data files, and NIST files

Explore has complete quantitation capabilities including flagging for review
by exception
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Figure 3. Insight Explore Quantitative Analysis of QTOF MS Opiate Standard

Confirmation Analysis LCMS-TQ

An LCMS confirmation method was
used to quantitate 46 compounds with
23 internal standards (ISTD) in less
than three minutes with rapid polarity
switching.

A representative chromatogram of all
analytes and ISTD at 1 ng/mL is shown

N

Figure 4.

Chromatographic separation of
morphine/hydromorphone and
codeine/hydrocodone was achieved
(Figure 5).

Insight Explore was used to generate
calibration curves from triplicate
datasets.

All quantitation was performed using an

ISTD (Table 4) with a linear curve and

1/C? weighting applied. To be accepted

as calibration points all three replicates

for each concentration were required to

be within = 20% accuracy. Calibration
curves and representative
chromatograms at the lower limit of
quantitation (LLOQ) for Xylazine,
Carfentanil, Metonitazene, and
Protonitazene are shown in Figure 6.
All concentrations are in ng/mL.
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Figure 6. Calibration curves and LLOQ
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Figure 4. Representative chromatogram of all analytes.
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Figure 5. Chromatograms of the resolved isobars, A)

Morphine/Hydromorphone, B) Codeine/Hydrocodone, and

C) Methamphetamine/Phentermine at 100 ng/mL.

Table 4. LCMS Confirmation Method Calibration Information

Ret. Time (min) LLOQ ULOL R"2

Morphine-3-B-D-glucuronide 0.484 1 100 |0.999 | Morphine-3-B-D-glucuronide-D3
Ecgonine Methyl Ester 0.491 0.005| 10 |0.991 Benzoylecgonine-D3
Morphine 0.875 0.1 100 (0.998 Morphine-D3
Oxymorphone 1.012 0.1 100 |0.998 Oxymorphone-D3
Hydromorphone 1.081 0.1 100 (0.997 Hydromorphone-D3
Codeine 1.327 0.1 100 |0.998 Codeine-D3
Naloxone 1.329 0.1 100 |0.993 Fentanyl-D5
Amphetamine 1.375 0.01 50 [0.998 Amphetamine-D6
6-acetylmorphine 1.414 0.1 100 (0.998 6-acetylmorphine-D3
Naltrexone 1.427 1 100 (0.999 Fentanyl-D5
Oxycodone 1.441 0.1 100 (0.987 Oxycodone-D3
Hydrocodone 1.486 0.01 | 100 |0.995 Hydrocodone-D3
Methamphetamine 1.518 0.005| 10 |0.994 Methamphetamine-D5
MDA 1.534 0.1 100 (0.999 MDA-D5
Phentermine 1.634 0.1 100 (0.994 Methamphetamine-D5
MDMA 1.643 0.005( 50 [0.986 MDMA-D5
Benzoylecgonine 1.694 0.1 50 ]0.999 Benzoylecgonine-D3
Phenobarbital 1.718 10 100 (0.999 Phenobarbital-D5
Norfentanyl 1.747 0.01 50 [0.995 Norfentanyl-D5 oxalate
MDEA 1.786 0.005( 10 [0.992 MDA-D5
Tramadol 1.839 0.01 10 [0.998 Fentanyl-D5
Xylazine 1.852 0.005| 50 |0.998 Xylazine-D6
Butalbital 1.864 10 100 (0.999 Phenobarbital-D5
Meperidine 1.926 0.005( 10 |0.982 Fentanyl-D5
Amobarbital 1.983 10 100 (0.999 Phenobarbital-D5
Cocaine 1.995 0.1 10 [0.999 Cocaine-D3
Secobarbital 2.033 10 100 (0.999 Phenobarbital-D5
Lorazepam 2.128 1 50 ]0.999 Flunitrazepam-D7
Cocaethylene 2.13 0.1 10 [0.999 Cocaine-D3
Oxazepam 2.153 0.1 50 [0.994 Flunitrazepam-D7
Clonazepam 2.22 0.1 50 [0.994 Flunitrazepam-D7
Nitrazepam 2.225 0.1 50 |0.996 Flunitrazepam-D7
Phencyclidine 2.24 0.1 10 [0.996 Phencyclidine-D5
A9 THC glucuronide 2.26 10 100 (0.999 A9 THC carboxylic acid-D9
Fentanyl 2.27 0.1 100 [0.995 Fentanyl-D5
Buprenorphine 2.281 0.1 100 (0.994 Fentanyl-D5
Temazepam 2.3 0.1 100 (0.993 Flunitrazepam-D7
Flunitrazepam 2.335 0.1 50 |[0.996 Flunitrazepam-D7
Carfentanil 2.354 0.01 10 [0.999 Carfentanil-13C6
Metonitazene 2.364 0.005( 10 |0.998 Carfentanil-13C6
Alprazolam 2.429 0.01 | 100 |0.992 Flunitrazepam-D7
Diazepam 2.45 0.1 50 [0.998 Flunitrazepam-D7
Methadone 2.486 0.1 10 |0.998 Fentanyl-D5
A9 THC carboxylic acid 2.515 1 100 |1 0.997| A9THC carboxylic acid-D9
Protonitazene 2.562 0.005| 10 |0.996 Carfentanil-13C6
A9THC 2.657 1 100 (0.998| A9THC carboxylic acid-D9

GCMS-Confirmation Through Target Analysis and Scan Results

« A GCMS confirmation method was used to target over 50 compounds commonly
found in toxicology screening.

« Family of drugs includes barbituric, benzodiazepines, amines, cocaine and opiates.

« Using the same software platform, we were able to analyze both Scan data for
library search as well as the SIM for the targeted compounds.

* As an example, Figure 7 shows a zoomed in of the TIC of the scan results from the
opiate mix standard, in which we able to identify over 10 compounds from the mix.

« These identifications were done by using the Cayman Spectral Library and the
Shimadzu Forensic Toxicology Database.

* Figure 8 shows the library search results for the peak at 20.01 min, which matched
to Methadone with a 97% similarity index, while Figure 9 matched Tramadol with an
89% similarity index.

« For target analysis, a SIM was combined to the Scan method, Figure 10 shows the
SIM chromatogram for Methadone as an example.
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Figure 8. Library search results for the
peak at 20.01 min from the opiate
standard mix.

Figure 7. Zoomed TIC for Opiate
standard mix.
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Conclusions

« A workflow for LCMS-QTOF screening and LCMS-TQ and GCMS-SQ
confirmation analysis was performed using a single software platform.

« For future work, urine samples will be used to determine the recovery using the
GCMS targeted method.
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