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Goal

Develop a high-throughput, low solvent consumption, easy-to-run
method for quantitative forensic analysis of six opiates and fourteen
benzodiazepines in urine.

Introduction
Analyses of opiate and benzodiazepine panels are some of
the highest-volume applications in forensic toxicology

labs. In order to meet the need for high throughput, a fast,
simple, and cost-effective method was developed,
consisting of hydrolysis, simple urine dilution, separation ~ Figure 1. Prelude SPLC system
by liquid chromatography (LC), and analysis by mass

spectrometry (MS). The method incorporated the for serial detection. Serial MS detection of multiplexed
Thermo Scientific™ Prelude SPLC™ system (Figure 1), methods improves mass spectrometer utilization time,
which features two independent channels of sample increases throughput of forensic toxicology laboratories,
preparation and liquid chromatography (SPLC). With and reduces analysis cost. The syringe pumps and

the Prelude SPLC system, LC methods can be executed high-pressure, low-volume gradient mixing used in

in parallel with a different method on each channel Prelude SPLC system provide enhanced HPLC

(Figure 2) or the same method on both channels performance: improved peak shape and resolution as well
(Figure 3) and multiplexed into a mass spectrometer as stable retention times.
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Figure 2. Parallel analysis of 6 opiates (10 ng/mL) and 14 benzodiazepines (25 ng/mL) in multiplexed mode



Prelude SPLC Multiplexing - Same Method on Both Channels
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Figure 3. Analysis of six opiates (10 ng/mL) using both channels in multiplexed mode

Experimental Table 2. SRM transitions for benzodiazepines method

Sample Preparation

Qualifier
Tables 1 and 2 contain the lists of opiates and

lon m/z

Quantifier
lon m/z

Precursor
lon m/z

Compound

benzodiazePines analyze.d. Sample prepa}rat.ion consisted 7-Aminoclonazepam 286.1 9991 250.1
of glucuronide hydrolysis followed by dilution. For each -
sample, a 200 pL aliquot of urine was spiked with 10 pL 7-Aminoclonazepam-d, 2901 2261 2541
of internal standards solution and 100 pL of 7-Aminonitrazepam 2521 1211 2241
B-glucuronidaze enzyme in an ammonium acetate buffer 7-Aminoflunitrazepam 2841 1351 2271
(pPH = 5.0). The samples were incubated at 60 °C for 7-Aminofiunitrazepam-d, 291.2 138.2 230.1
2 hours. A 200 pL aliqupt of m.ethanol was added to each a-Hydroxytriazolam 359.0 3310 2390
sample to stop enzymatic reaction. Samples were cooled,
centrifuged, and diluted 20 times with deionized water. Lorazepam 321.0 2750 229.0
Then, 20 pL of sample was injected into the liquid o-Hydroxyalprazolam 325.0 2971 229.0
chromatograph-mass spectrometer (LC-MS) system. a-Hydroxyalprazolam-d, 330.1 302.1 216.1
Oxazepam 2871 2411 2211
Table 1. SRM transitions for opiates method Oxazepam-d, 2921 2461 104.1
Compound Precursor | Quantifier | Qualifier lon 2-Hydroxyethyiflurazepam | 3331 1091 1091
774 74 m/z 2-Hydroxyethylfiurazepam-d, |~ 337.1 215.1 1131
Morphine 286.1 152.1 185.1 Desalkyflurazepam 289.0 140.0 226.1
Morphine-d, 2891 152.1 1851 Desalkyflurazepam-d, 2931 140.0 230.1
Oxymorphone 3021 22171 1981 Temazepam 301.1 255.1 1770
Oxymorphone-d, 305.1 2301 2011 Temazepam-d, 306.1 260.1 1770
Hydromorphone 286.1 185.0 1571 Nordiazepam 2711 140.1 208.1
Hydromorphone-d, 2921 185.1 1571 Nordiazepam-d, 2761 2131 140.0
Codeine 300.2 1521 1651 Alprazolam 309.1 2811 2051
Codeine-d, 3031 1621 215.1 Alprazolam-d, 314.1 286.1 210.1
Oxycodone 316.2 2411 2561 Diazepam 285.1 193.1 154.0
Oxycodone-d, 319.2 2441 2591 Diazepam-d, 290.1 198.1 154.1
Hydrocodone 3001 1991 1711 Midazolam 326.1 2911 2491
Hydrocodone-d, 3031 1991 1711 Midazolam-d, 3301 2951 2531




Liquid Chromatography

Chromatographic separations were performed with a
Prelude SPLC system by direct injections onto

Thermo Scientific™ Accucore™ PFP 50 x 2.1 mm, 2.6 pm
analytical columns. The columns were maintained at
room temperature. Mobile phases A and B consisted of
10 mM ammonium formate with 0.1% formic acid in
water and methanol, respectively. Mobile phase usage was
about 3.8 mL per sample. The total gradient run time was
5.3 min for opiates analysis (Figure 4) and 6 min for
benzodiazepines analysis (Figure 5). The data acquisition
windows were 2 min and 2.8 min for opiates and
benzodiazepines, respectively.

Figure 5. LC gradient for benzodiazepines analysis

Mass Spectrometry

MS analysis was carried out on a Thermo Scientific™

TSQ Quantum Ultra™ triple quadrupole mass spectrometer
equipped with a heated electrospray ionization (HESI-II)
probe. The mass spectrometer was operated in selected-
reaction monitoring (SRM) mode. Two SRM transitions
were collected for each analyte and each internal standard
(Tables 1 and 2) to calculate the ion ratio.

Validation

Standard curves were prepared by fortifying pooled blank
human urine with analytes. Quality control (QC) samples
were prepared in a similar manner at concentrations
corresponding to the low (LQC), middle (MQC), and
high (HQC) ranges of the calibration curve. Intra-run
precisions were determined by processing six replicates of
each QC level along with a calibration curve on three
different days. Matrix effects were investigated by
analyzing seven donated urine samples spiked at
concentrations of 27.5 ng/mL for opiates and 50 ng/mL
for benzodiazepines. The method performance was
compared with method validated in a forensic toxicology
lab by analyzing the same donor samples. Method
validation experiments were run by executing opiates and
benzodiazepines methods in parallel on two channels in
multiplexed mode.



Results and Discussion

Opiates Analysis

The limits of quantitation were 10 ng/mL and calibration
ranges were 10-6000 ng/mL for all opiates. Figure 6
shows representative calibration curves for selected
opiates. Figure 7 shows representative chromatograms at
10 ng/mL for all opiates tested. Intra- and inter-assay
quality control statistics shown in Table 3 demonstrate the
method to be reproducible across the calibration range for
the opiates. Limited matrix effects were seen, and those
were largely mediated by deuterated internal standards
(Table 4). The data collected with this method correlated
well with data collected using an LC/MS method
previously validated in a collaborating laboratory (Figure 8).
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Figure 7. Chromatograms of the lowest opiates calibration
standard (10 ng/mL)
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Figure 8. Data correlation between Prelude SPLC-based opiates method and a previously validated LC/MS method

Table 3. Intra- and inter-assay precision for opiates analyses

Precision % RSD
Compound
Intra-assay Inter-assay

Lac Mac HaC Lac Mac HQC

Morphine <7.0 <2.8 <2.3 8.3 2.5 3.3
Hydromorphone <37 <18 <17 4.7 2.2 2.7
Oxymorphone <569 <4.8 <49 9.8 49 9.8
Codeine <8.2 <N <2.2 8.2 4.8 3.0
Hydrocodone <47 <3.8 <2.8 47 3.9 4.2
Oxycodone <74 <3.9 <2.8 71 3.8 3.6

Table 4. Results of matrix effect experiment showing percent recovery of opiates in spiked urine
Urine Lot# | % Recovery
Morphine Hydromorphone | Oxymorphone Codeine Hydrocodone Oxycodone

1 96.1 93.7 104 102 99.7 93.9

2 99.8 93.8 101 100 99.7 99.6

3 91.0 98.5 101 102 98.1 93.8

4 90.7 96.5 105 103 95.8 101

5 93.9 103 94.9 99.7 97.0 96.9

6 92.3 100 107 109 106 103

7 92.0 97.8 108 109 100 103




Benzodiazepines Analysis

The limits of quantitation were 25 ng/mL and calibration
ranges were 25-2000 ng/mL for all benzodiazepines.
Figure 9 shows representative calibration curves for
selected benzodiazepines. Figure 10 shows representative
chromatograms at 25 ng/mL for all benzodiazepines tested.
Intra- and inter-assay quality control statistics shown in
Table 5 demonstrate the method to be reproducible across
the calibration range for these benzodiazepines. Use of
deuterated internal standard eliminated the small matrix
effects we experienced with the method (Table 6). The data
collected with this method correlated well with data
collected using an LC/MS method previously validated in a
collaborating laboratory (Figure 11).
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Figure 9. Calibration curves for selected benzodiazepines
A Temazepam
100 Aminonitrazepam 100 P
50 50 ‘
0 0
Nordiazepam Alprazolam
100
50 ' ~
7-Aminoflunitrazepam ‘ Lorazepam

N

Diazepam

100
50 %
0
100 100
50 % 50
0
100
50 %
0

a-Hydroxyalprazolam

N

7-Aminoclonazepam
100

50

0

Midazolam

Oxazepam

2-Hydroxyethylflurazepam

L

0
Desalkyflurazepam
100

50

100 100
50 % 50

0 T

A-H

ydroxytriazolam

—_— 0 =
05 10 15 20 25
Time (min)

—T T T T
05 1.0 15

Time (min)

Figure 10. Chromatogram of the lowest benzodiazepines calibration standard (10 ng/mL)
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Figure 11. Data correlation between Prelude SPLC-based benzo-diazepines method and a previously validated

LC/MS method

Table 5. Intra and inter-assay precision for benzodiazepines analyses

Precision % RSD
Compound
Intra-assay Inter-assay

Lac HQC Lac HQC
2-Hydroxyethylflurazepam <10 <3.3 8.9 4.2
7-Aminoclonazepam <25 <27 2.5 2.0
7-Aminoflunitrazepam <3.6 <3.2 341 2.9
7-Aminonitrazepam <27 <3.6 24 2.7
oi-Hydroxyalprazolam <5.8 <41 58 45
o-Hydroxytriazolam <569 <41 72 3.8
Alprazolam <5.2 <21 35 2.3
Desalkyflurazepam <5.3 <59 3.6 2.3
Diazepam <2.8 <3.0 341 2.2
Lorazepam <563 <4.5 6.7 3.3
Midazolam <1.2 <54 2.8 16
Nordiazepam <4.0 <4.5 51 2.5
Oxazepam <3.3 <3.2 3.3 39
Temezepam <5.3 <31 4.3 3.6




Table 6. Results of matrix effect experiment showing percent recovery of benzodiazepines in spiked urine

liﬂ?: ‘ % Recovery
2-Hydroxy- 7-Aminoclona- 7-Aminoflunitra- 7-Aminonitra- o-Hydroxy- o-Hydroxy- Alprazolam

ethylflurazepam zepam zepam zepam alprazolam triazolam prazoia
1 112 104 103 99.2 11 114 116
2 102 99.8 103 104 112 116 113
3 106 103 101 102 113 116 108
4 112 104 106 100 108 111 114
5 100 102 102 95.8 110 111 108
6 118 105 109 104 113 118 111
7 106 101 99.7 104 111 124 110
8 107 97.8 98.5 101 112 93.0 107

li:;?: ‘ % Recovery
Desalkyflura- Diazepam Lorazepam Midazolam Nordiazepam Oxazepam Temezepam
zepam
1 114 118 110 17 110 105 111
2 109 111 104 116 112 99.8 105
3 108 112 103 117 113 103 102
4 107 114 108 114 118 105 106
5 105 115 108 117 112 99.0 106
6 114 113 109 115 111 104 105
7 108 113 96.2 17 112 98.4 103
8 107 107 101 112 111 95.7 103
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