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This technical note describes the analysis of 79 drugs of 

abuse and metabolites in a 3-min single-injection, polarity 

switching method using the accelerated MRM (aeMRM) 

feature on the novus V55 system. The fast cycle times 

supported acquisition of 181 MRM transitions, enabling 

shorter gradients and increased sample throughput with 

sufficient data density (≥10 points per peak). Despite the 

compressed runtime, baseline separation of challenging 

isomeric and isobaric compounds was achieved, improving 

analytical specificity and reducing the risk of 

misidentification (Figure 1). This combination of 

chromatographic resolution and aeMRM supports accurate 

and reproducible quantitation across the drug panel over a 

concentration range of 25 to 1000 ng/mL. 

Key benefits of forensics testing using the 

novus V55 system:  

• Faster turnaround times: Monitor large, polarity switching 

MRM panels in 3-minutes using aeMRM 

• Consistent quantitative performance: Preserve accuracy 

and precision across narrow LC peaks and challenging 

isomeric separations  

• Comprehensive drug screening made practical: Expand 

drug panels without sacrificing data quality 

• Streamlined workflows: Reduce sample preparation 

complexity for routine analysis 

 

 

High-throughput multi-analyte forensic toxicology using accelerated 

MRM on the novus V55 system 

Figure 1. High-throughput LC–MS/MS analysis of drugs of abuse and metabolites in a 100 ng/mL urine calibrator using a 3-minute method on the 
novus V55 system. Rapid cycle times provide sufficient points across narrow peaks, preserving chromatographic separation of isomers, and supporting 
robust analysis across a diverse analyte panel. 



 

Introduction 

The increasing prevalence of illicit and prescription drug use 

continues to place growing pressure on forensic laboratories 

to deliver rapid, reliable, and comprehensive quantitative 

results while maintaining stringent data quality standards. 

Laboratories are challenged not only by increasing sample 

volumes, but also by continually expanding drug panels that 

demand broader analytical coverage without compromising 

turnaround time. 

As forensic drug panels continue to expand, the acquisition 

speed and duty cycle performance of the mass spectrometer 

is increasingly critical to maintaining quantitative accuracy 

and reproducible peak integration. Multiple reaction 

monitoring (MRM) methods containing hundreds of 

transitions require rapid dwell times and fast polarity 

switching to preserve chromatographic peak fidelity while 

maintaining sufficient data points across narrow peaks for 

reliable quantitation. The novus V55 system features a Q0 ion 

guide with acceleration electrodes designed for faster ion 

transmissions.1 Together with the Q0 acceleration electrodes 

and updated software algorithms, a new MRM regime called 

accelerated MRM (aeMRM) delivers speeds of up to 1,000 

MRMs per second. The ability to use faster cycle times 

enables simultaneous increases in analyte and sample 

throughput, while preserving quantitative performance with 

sufficient data point density across chromatographic peaks. 

In this technical note, we demonstrate a high-throughput LC-

MS/MS method for the quantitative analysis of 79 drugs of 

abuse and metabolites utilizing a fifth-generation triple 

quadrupole MS equipped with aeMRM allowing for faster dwell 

times. A total of 181 MRM transitions were monitored within a 

streamlined 3-min analytical run while maintaining 

sensitivity, reproducibility, and peak quality across diverse 

drug classes. This workflow highlights the ability of modern 

high-speed triple quadrupole technology to support 

comprehensive forensic toxicology testing while maximizing 

laboratory efficiency and sample throughput.  

Methods 

Standards and samples: Analytical standards for native 

compounds and isotopically labeled internal standards were 

purchased from Cerilliant (Rockwell, TX). Intermediary drug 

mixes were diluted in methanol and fortified into previously 

screened human urine with undetectable levels of the target 

analytes. 

Sample preparation: A 100 μL aliquot of an individual human 

urine sample was mixed with 25 μL IMCS Rapid Hydrolysis 

Buffer, 20 μL IMCSzyme and 10 μL IS (internal standard). Both 

IMCS Rapid Hydrolysis Buffer and IMCSzyme were acquired 

from IMCS (Columbia, SC). The hydrolysis time was 60 min at 

55°C. Following hydrolysis, 0.220 mL of methanol and 

0.625 mL of water were added to the mixture. The mixture 

was then centrifuged at 21,000 g for 10 min. The supernatant 

was transferred to a glass vial for analysis by LC-MS/MS. This 

dilution followed by direct injection simplifies the workflow 

and minimizes consumable requirements.  

Chromatography: Chromatographic separation was 

performed on an ExionLC AE system using a Waters BEH C18 

3x50 mm 1.7 μm analytical column. A flow rate of 1 mL/min, 

injection volume of 5 μL and a column oven temperature of 

30°C were used. The LC gradient is presented in Table 1. 

 

Mass spectrometry: Analysis was performed using 

electrospray ionization with polarity switching on the novus 

V55 system. Data was acquired by scheduled multiple 

reaction monitoring (sMRM) with optimized source and gas 

conditions (Table 2) and compound-dependent parameters, 

with at least 2 transitions per analyte. Data was acquired for 

79 drugs of abuse and metabolites with a target cycle time of 

250 msec. A minimum dwell time of 0.5 msec, a pause time 

of 2 msec, a settling time of 15 msec and a retention time 

window of +/- 20 sec were used for the 181 MRM transitions, 

as described in Table 3.  

Table 1: LC gradient for drug panel analysis on the novus V55 system 

Time  
(min) 

Flow rate 
(mL/min) 

Mobile phase A 
(%) 

Mobile phase B 
(%) 

0.00 1.00 95 5 
0.70 1.00 95 5 
1.20 1.00 70 30 
1.5 1.00 40 60 

2.20 1.00 0 100 
2.30 1.00 0 100 
2.50 1.00 95 5 
3.00 1.00 95 5 

Mobile phase A: Water with 10mM ammonium formate 
Mobile phase B: 0.02% (v/v) formic acid in methanol  



 

 

 

Data acquisition and processing: Data was acquired and 

processed using SCIEX OS software (version 5.0) 

Source optimization 

Source conditions were optimized to maximize the response 

of a subset of temperature-sensitive compounds. However, 

the lower source temperature used resulted in slightly 

reduced sensitivity for many of the remaining analytes in the 

panel. A representative figure illustrates the thermal 

preferences of selected analytes (Figure 2). Some 

compounds in the panel including amphetamine, 

buprenorphine, and codeine maintained relatively consistent 

signal intensity across the evaluated temperature range of 

400°C to 650°C, generally remaining above ~80–90% of total 

maximum peak area observed. This behavior suggests an 

analyte specific preference, as there is minimal degradation 

to signal and these compounds show stable ionization 

efficiency under varying thermal conditions. Other analytes 

such as duloxetine, carisoprodol, meprobamate, and PCP 

show considerable decrease in signal with increasing source 

temperatures, suggesting susceptibility to thermal 

degradation or reduced ion transmission efficiency at 

elevated temperatures.  

In total, 165 MRMs were acquired in positive polarity and 17 in 

negative polarity. In addition to source temperature, all 

parameters (Table 2) were optimized, and values were 

selected to enhance ionization for analytes requiring lower 

limits of quantitation or exhibiting poorer ionization efficiency. 

Gradient optimization 

The aeMRM capabilities of the novus V55 system enabled low 

millisecond dwell times, providing sufficient data density 

across even very narrow chromatographic peaks within a 

compressed gradient. Figure 1 displays the ability for 

isomeric separation using this 3-min gradient. Baseline 

separation is maintained between isomer pairs such as 

morphine and hydromorphone, codeine and hydrocodone, 

and norcodeine and norhydrocodone (Figure 1). As shown in 

Figure 3, the fast acquisition of aeMRM still allowed sufficient 

datapoints across each LC peak, supporting accurate peak 

Table 2: Source and gas parameters for drug and metabolite analysis 
on the novus V55 system. 

Parameter Value 
Polarity Positive/negative 

Ion spray voltage 2000 / -2000 V 
Curtain gas 40 psi 

CAD gas 9 psi 
Source temperature 450oC 

Ion source gas 1 35 psi 
Ion source gas 2 70 psi 

Figure 2. Compound optimization at varying source temperatures. 



 

definition and reproducible integration, even during periods of 

high MRM concurrency. The purple and yellow boxes 

represent zoomed in regions of the chromatogram where 

MRM concurrency is high. Each extracted ion chromatogram 

(XIC) shows ≥ 10 data points across the eluting peaks. The 

ability to maintain consistent data density across peaks 

enabled reliable quantitation without compromising 

chromatographic performance, despite the shortened 

runtime.  

 

Analytical performance 

A urine blank, followed by six fortified matrix calibrators, were 

analyzed sequentially. Two quality control (QC) samples at 25 

ng/mL and 100 ng/mL bracketed three urine samples spiked 

with blinded drug mixtures. Both QC and blinded urine 

samples were analyzed in triplicate. Spike concentrations 

were calculated using a single calibration curve to assess 

precision and accuracy of the urine QCs.  

Figure 4 illustrates the lower limit of quantitation (LLOQ) for 

selected analytes, with sufficient signal-to-noise ratios that 

suggest the potential for further reduction of method 

detection limits. LLOQs were determined at the lowest 

calibration level that met a coefficient of variation (%CV) for 

the replicates ≤30%. The five replicates of LLOQ are shown at 

the same scale for each injection for a variety of drugs 

including A) amitriptyline, B) hydromorphone, C) codeine, D) 

MDMA, and E) morphine, which indicate the precision of the 

novus V55 system at LLOQ levels.   

All calibration curves for the 79 drugs and metabolites were 

evaluated against acceptance criteria of %CV≤30% at the 

LLOQ and %CV≤20% at all higher calibrator levels and r2 values 

≥0.995 for both quantifier and qualifier ions (Figure 5). The 

precision observed at the LLOQ demonstrates that aeMRM 

provides reproducible results while maintaining sufficient 

sensitivity for quantitation, even with dwell times as short as 

0.5 msec. All analytes demonstrated acceptable linearity, with 

r² values ≥0.996 for both quantifier and qualifier transitions, 

supporting reliable ion ratio confirmation and reducing the 

risk of false-positive identifications in unknown samples.  

Figure 5 displays the overlaid urine calibration curves for five 

replicate injections and demonstrates acceptable linearity 

across five replicates for four of the calibration levels and four 

replicates at the higher 600 ng/mL calibrator. Morphine, 

codeine, and hydromorphone are shown as representative 

opioid analgesic calibration curves over a concentration 

range of 25–1000 ng/mL. Tables to the right of the calibration 

curves represent statistical parameters built into the 

software without the need for additional calculations. Gold 

stars on the tables represent low %CV (<10% for quantifier 

and <20% for qualifier ions) at the lowest calibrator levels.  

Notably, several analytes, including fentanyl, norfentanyl, and 

sufentanil, achieved detection levels more than ten-fold lower 

than 25 ng/mL (Figure 6). This demonstrates the sensitivity 

that can be achieved by the novus V55 system below the 

tested quantitation range of 25 to 1000 ng/mL. 

Figure 3. XICs acquired using a 3-minute LC gradient on the novus V55 system. aeMRM enabled sufficient data points (≥10 points) across narrow peaks to 
support accurate quantitation 



 

Quality control (QC) samples were evaluated for method 

accuracy at 25 ng/mL (low QC) and 100 ng/mL (high QC). The 

QC samples were quantified against a calibration curve with 

one replicate per level. Table 4 summarizes selected analytes, 

showing R² values ≥ 0.997 accuracies within ±20% and %CV ≤ 

15% at both QC levels (n = 3). 

 

Conclusions 

This technical note demonstrated: 

• High analyte coverage and throughput with 181 MRMs 

analyzed in 3 minutes 

• Accurate and reproducible quantitation with sufficient 

data points across narrow peaks  

• Robust quantitative performance for linearity, precision, 

and accuracy 

• No compromise to chromatographic integrity or data 

quality  

• Efficient polarity switching enabling broader compound 

coverage  

• Simplified sample preparation, reducing workflow 

complexity and consumables  
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Table 3: Q1, Q3, and RT parameters for 79 drugs of abuse and metabolites. 

Compound Retention 
Time (min) 

Precursor (Q1) 
Mass (Da) 

Fragment (Q3) 
Mass (Da) 

Compound Retention 
Time (min) 

Precursor (Q1) 
Mass (Da) 

Fragment (Q3) 
Mass (Da) 

6-MAM 1 1.13 328.1 165 Midazolam 1 1.66 326 291.1 
6-MAM 2 1.13 328.1 211.1 Midazolam 2 1.66 326 249.1 

6-MAM-d3 1.13 331.1 165 Midazolam-d4 1.63 330.1 295.1 
7-Aminoclonazepam 1 1.36 286.1 121.1 Morphine 1 0.86 286 152 
7-Aminoclonazepam 2 1.36 286.1 249.9 Morphine 2 0.86 286 165 

Alpha-Hydroxyalprazolam 1 1.61 325 297.1 Morphine-d6 0.86 292.1 152 
Alpha-Hydroxyalprazolam 2 1.61 327 299 Naloxone 1 1.07 328.1 212.1 
Alpha-Hydroxymidazolam 1 1.64 342.1 203.1 Naloxone 2 1.07 328.1 253.1 
Alpha-Hydroxymidazolam 2 1.64 342.1 168.1 Naltrexone 1 1.08 342.1 267.2 
Alpha-Hydroxytriazolam 1 1.59 359.1 331.1 Naltrexone 2 1.08 342.1 282.1 

Alpha-Hydroxytriazolam 2 1.59 359.1 239.1 
N-desmethyl-
Tapentadol 1 1.41 208.1 107 

Alprazolam 1 1.63 309.1 281.1 
N-desmethyl-
Tapentadol 2 1.41 208.1 121 

Alprazolam 2 1.63 309.1 205.1 Norbuprenorphine 1 1.47 414.3 165 
Amitriptyline 1 1.62 278.1 233.1 Norbuprenorphine 2 1.47 414.3 83 
Amitriptyline 2 1.62 278.1 91 Norcodeine 1 1.07 286.1 152 

Amitriptyline-d3 1.62 281.1 91 Norcodeine 2 1.07 286.1 165 
Amphetamine 1 1.25 136 119 Nordiazepam 1 1.68 271 140.1 
Amphetamine 2 1.25 136 91 Nordiazepam 2 1.68 271 165.1 

Amphetamine-d5 1.25 141.1 93 Nordiazepam-d5 1.68 276.1 140 
Benzoylecgonine 1 1.29 290.1 168 Norfentanyl 1 1.38 233 84.2 
Benzoylecgonine 2 1.29 290.1 105 Norfentanyl 2 1.38 233 150.1 

Benzoylecgonine-d3 1.29 293.1 171.2 Norhydrocodone 1 1.13 286.1 199 
Buprenorphine 1 1.56 468.3 55 Norhydrocodone 2 1.13 286.1 241.1 
Buprenorphine 2 1.56 468.3 414.2 Norketamine 1 1.35 223.9 124.9 

Buprenorphine-d4 1.56 472.3 400.2 Norketamine 2 1.35 223.9 179 
Carisoprodol 1 1.62 261.1 176 Normeperidine 1 1.50 234.1 160 
Carisoprodol 2 1.62 261.1 97 Normeperidine 2 1.50 234.1 42 

Clomipramine 1 1.66 315.1 86.1 Noroxycodone 1 1.13 302.1 187.1 
Clomipramine 2 1.66 315.1 58.1 Noroxycodone 2 1.13 302.1 227.1 
Cocaethylene 1 1.45 318 196 Norpropoxyphene 1 1.54 308.1 100 
Cocaethylene 2 1.45 318 82 Norpropoxyphene 2 1.54 308.1 44 

Cocaethylene d8 1.45 326 204 Nortriptyline 1 1.63 264.2 233.2 
Codeine 1 1.06 300.1 215.1 Nortriptyline 2 1.63 264.2 117.2 
Codeine 2 1.06 300.1 165 O-Desmethyltramadol 1 1.20 250.1 58.1 

Codeine-d6 1.06 306.2 152.2 O-Desmethyltramadol 2 1.20 250.1 42.2 

Cotinine 1 0.94 177 80 
N-Desmethyl Zopiclone 

1 1.34 374.9 244.9 

Cotinine 2 0.94 177 98 
N-Desmethyl Zopiclone 

2 1.34 374.9 331 
Cyclobenzaprine 1 1.6 276.1 215.1 Oxazepam 1 1.64 286.9 241.1 
Cyclobenzaprine 2 1.6 276.1 216.1 Oxazepam 2 1.64 286.9 269.2 

Desalkylflurazepam 1 1.64 289.1 140 Oxycodone 1 1.09 316.1 241.1 
Desalkylflurazepam 2 1.64 289.1 226 Oxycodone 2 1.09 316.1 256.1 

Desipramine 1 1.62 267.1 72 Oxycodone-d6 1.09 322.1 247.1 
Desipramine 2 1.62 267.1 193 Oxymorphone 1 0.91 302 227.1 

Desmethyldoxepin 1 1.55 266.1 107 Oxymorphone 2 0.91 302 198.2 
Desmethyldoxepin 2 1.55 266.1 235.1 Oxymorphone-d3 0.91 305.1 230.1 
Dextromethorphan 1 1.52 272.1 171.1 PCP 1 1.46 244.1 159 
Dextromethorphan 2 1.52 272.1 215.1 PCP 2 1.46 244.1 91.1 

Diazepam 1 1.68 285.1 193 PCP-d5 1.46 249.3 96.1 
Diazepam 2 1.68 285.1 154 Pregabalin 1 1.14 160.1 55.1 

Dihydrocodeine 1 1.05 302.1 199.1 Pregabalin 2 1.14 160.1 97.1 
Dihydrocodeine 2 1.05 302.1 201.1 Propoxyphene 1 1.58 340.1 266.1 

Doxepin 1 1.54 280.1 107 Propoxyphene 2 1.58 340.1 91 
Doxepin 2 1.54 280.1 77 Protriptyline 1 1.68 264.1 155 

EDDP 1 1.50 278.1 234.1 Protriptyline 2 1.68 264.1 191 
EDDP 2 1.50 278.1 186 Ritalinic Acid 1 1.32 220.1 84 

Fentanyl 1 1.48 337.1 188.1 Ritalinic Acid 2 1.32 220.1 56 
Fentanyl 2 1.48 337.1 105.1 Sufentanil 1 1.55 387.1 238 



 

 

 

 

 

 

 

 

 

 

Fentanyl-d5 1.48 342.3 105.1 Sufentanil 2 1.55 387.1 111.1 
Gabapentin 1 1.12 172.1 137 Temazepam 1 1.65 301.1 255.1 
Gabapentin 2 1.12 172.1 95 Temazepam 2 1.65 301.1 177.1 

Hydrocodone 1 1.12 300.1 199 Tramadol 1 1.42 264.1 58.1 
Hydrocodone 2 1.12 300.1 128 Tramadol 2 1.42 264.1 42.2 

Hydrocodone-d6 1.12 306.2 202.1 Tramadol-13C-d3 1.36 268.1 58 
Hydromorphone 1 0.95 286.1 185 Xylazine 1 1.35 221 90 
Hydromorphone 2 0.95 286.1 157 Xylazine 2 1.35 221 163.9 

Hydromorphone-d6 0.95 292.1 185.1 Xylazine-d6 1.35 227 90 
Imipramine 1 1.60 281.1 86 Zolpidem 1 1.47 308.1 235.1 
Imipramine 2 1.60 281.1 58 Zolpidem 2 1.47 308.1 219 
Ketamine 1 1.33 237.9 124.9 Zopiclone 1 1.35 388.9 244.8 
Ketamine 2 1.33 237.9 178.9 Zopiclone 2 1.35 388.9 216.9 

Lorazepam 1 1.63 321.1 275.1 Zopiclone d4 1.35 392.9 216.9 
Lorazepam 2 1.63 321.1 229.1 7-Hydroxymitragynine 1 1.40 415.2 190.1 

MDA 1 1.23 180.1 105 7-Hydroxymitragynine 2 1.40 415.2 226.1 
MDA 2 1.23 180.1 133.1 Amobarbital 1 1.60 225.2 42 

MDEA 1 1.30 208.1 163.1 Amobarbital 2 1.60 225.2 182 
MDEA 2 1.30 208.1 105.1 Butabarbital 1 1.53 211.1 42 
MDMA 1 1.24 194 163 Butabarbital 2 1.53 211 168 
MDMA 2 1.24 194 135 Butalbital 1 1.55 223.1 42 

Meperidine 1 1.48 248.1 220.1 Butalbital 2 1.55 223.1 180 
Meperidine 2 1.48 248.1 174 Pentobarbital 1 1.60 225.1 42 

Meperidine-d4 1.42 252.2 224.1 Pentobarbital 2 1.60 225.1 182.1 
Meprobamate 1 1.50 219 158 Phenobarbital 1 1.47 231.1 42.1 
Meprobamate 2 1.50 219 97.2 Phenobarbital 2 1.47 231.1 188 

Methadone 1 1.67 310.1 265 Secobarbital1 1.62 237.1 42.1 
Methadone 2 1.67 310.1 105.1 Secobarbital 2 1.62 237.2 194.1 

Methadone-d3 1.60 313.2 105.1 THC-COOH_1 1.81 343.1 299.1 
Methamphetamine 1 1.25 150 119 THC-COOH_2 1.81 343.1 245.1 
Methamphetamine 2 1.25 150 91 THC-COOH-D3 1.81 346.1 302.1 

Methamphetamine-d5 1.26 155.2 92 Butalbital-D5 1.54 228.1 42 
Methylphenidate 1 1.44 234.1 84.1 Secobarbital-D5 1.64 242.1 42 
Methylphenidate 2 1.44 234.1 56 Blue text indicates negative polarity and red text indicates internal standard 

Table 4: Performance metrics in urine spiked quality controls 

Name 
QC low 

(ng/mL) 
%Accuracy %CV 

QC high 
(ng/mL) 

%Accuracy %CV 
r2 of 

curve 

Amitriptyline 
20.4 81.6% 

13% 
98.6 98.6% 

3.7% 0.9971 26.1 104% 104 104% 
21.0 84.1% 106 106% 

Codeine 
23.9 95.7% 

3.6% 
 

93.1 93.1% 
7.9% 

 
0.9993 22.8 91.1% 83.6 83.6% 

22.3 89.3% 98.0 98.0% 

Hydromorphone 
23.1 92.4% 

7.5% 
 

96.2 96.2% 
11% 

 
0.9999 25.8 103% 100 100% 

22.4 89.8% 80.6 80.6% 

MDMA 
23.7 94.8% 

6.5% 
 

98.0 98.0% 
0.71% 0.9993 22.9 91.5% 99.3 99.3% 

25.9 104% 98.2 98.2% 

Morphine 
25.0 99.9% 

1.1% 
93.2 93.2% 

1.1% 0.9982 24.6 98.2% 95.1 95.1% 
24.5 98.0% 93.6 93.6% 



 

 

 

 

 

Figure 4. Examples of LLOQ replicates (n=5) of 25 ng/mL each on the same scale for A) Amitriptyline B) Hydromorphone C) Codeine D) 
MDMA E) Morphine 



 

 
 

Figure 5. Calibration curves for A) Morphine, B) Codeine, and C) Hydromorphone in urine. Curves demonstrate linear response over the analytical range (25–1000 ng/mL), with excellent correlation coefficients 
and acceptable accuracy and precision across replicates, supporting reliable quantitation using the aeMRM-based method. 
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Figure 6. Chromatograms for fentanyl, norfentanyl, and sufentanil in urine (1–25 ng/mL). These compounds demonstrate clear detection with no response 
in the blank, with observed sensitivity greater than tenfold below 25 ng/mL. 


