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Conclusion
A quick, automated multiplex LC-MS/MS method has been developed for monitoring 
opiates in pain management  forensic laboratories.  This work demonstrates a 
technically simple but robust quantitative method to simultaneously measure 21 
opiates, metabolites and select glucuronides in human urine. This dilute-and-shoot 
SRM LC-MS/MS methodology is suitable for use in high-throughput forensic 
laboratories where sample volume is high with minimized amount of sample 
preparation. 

Introduction

Opiates are primarily central nervous system depressants and narcotic analgesics, 
which can be abused and often lead to addiction. Pain management physicians need 
to verify that patients are taking their prescribed medications as directed to monitor 
patients for compliance. The number of new pain management forensic laboratories in 
operation are increasing worldwide to keep up with sample demand.

Traditionally, urine opiates forensic testing has been by competitive immunoassays. 
While this  method is fast and relatively inexpensive, it often lacks specificity, since the 
antibodies are directed against drug groups or classes, not at specific drug 
compounds.  Other more specific methods, such as GC/MS, were used to identify or 
quantitate the concentration of a specific opiate. But GC/MS requires extensive sample 
preparation (derivatization) and suffers from long analytical run times.

LC-MS/MS is emerging as a new “gold standard” for opiates testing in current pain 
management  forensic laboratories. A typical workflow includes acid or enzyme 
hydrolysis of opiates glucuronides into free opiates prior to LC-MS/MS analysis. This 
strategy might simplify the numbers of drugs to be analyzed, but also suffers from 
disadvantages such as long incubation times (2 hours+) and poor analyte recovery. 
Detection of opiate metabolites can also provide important evidence that the parent 
drug was possibly being abused. This work demonstrates a simple dilute-and-shoot 
quantitative method of 21 opiates, metabolites and common glucuronides by liquid 
chromatography tandem mass spectrometry (LC-MS/MS), without the limitation of 
time-consuming hydrolysis. This method provides broad drug coverage, fast turn-
around time and compares favorably to hydrolysis analysis.  

Methods
Urine specimens were diluted 4-fold with high purity water and 25 µl injected directly 
into The LC-MS/MS system (with addition of Internal Standard [IS}). A Thermo 
Scientific™ Transcend™ TLX-2 HPLC coupled with Thermo Scientific™ TSQ Quantum 
Ultra™ mass spectrometer was used for LC-MS/MS analysis in Selected Reaction 
Monitoring (SRM) mode. Two Thermo Scientific™ Syncronis™ C18, 3x100 mm 5 µm 
columns were used to achieve multiplexing capability. The LC run time is 8 minutes 
with MS data collection window of 3.5 minutes for all 21 Opiates, metabolites and 
select glucuronides. 

All calibration standards, synthetic urine and deuterated internal standards used for 
quantitation were purchased from Cerilliant (Roundrock, TX). Surine was used as urine 
matrix to make calibration standards. Pilot study urine samples were obtained from 
commercial reference lab. 

HPLC Method Parameters
LC: TLX-2 HPLC
Analytical Column: Syncronis C18, 3x100 mm, 5 µm column
Solvent A 0.1% formic acid in water
Solvent B 0.1% formic acid in methanol

Mass Spectrometer Parameters
MS: Thermo Scientific™ TSQ Quantum Ultra™ triple stage quadrupole
Polarity: Positive mode
MS Ionization Source: Heated electrospray (HESI)
Spray Voltage: 4000 V
Sheath Gas Pressure (N2): 60 arbitrary units
Auxiliary Gas Pressure (N2): 15 arbitrary units
Vaporizer Temperature: 600 C
Capillary Temperature: 350 C
Collision Gas Pressure: 1.5 mTorr
Q1 Peak Width: 0.7 Da
Q3 Peak Width: 0.7 Da

Results and Discussions
A  multiplex quantitative method suitable for use in the forensic environment has been 
established. The 21 drugs included: fentanyl, norfentanyl, cis-tramadol, meperidine,
normeperidine, O-desmethyltramadol, methadone, EDDP, codeine, hydrocodone , 
oxycodone, oxymorphone, morphine, hydromorphone , noroxycodone,
norhydrocodone, Morphine-3-beta-D-glucuronide, morphine-6-beta-D-glucuronide, 
codeine-6-beta-D-glucuronide, oxymorphone-3beta-D-glucuronide, and 
hydromorphone-3-beta-D-glucuronide. Some of the drugs are isomers with the same 
parent mass and fragmentation ions. The accurate quantitation of these drugs can 
only be achieved by complete chromatographic separation.

We have optimized the LC separation by using several different column chemistries, 
mobile phases and pH conditions. Figures 1 and 2 show the chromatogram layout of 
16 opiates and 5 glucuronides by using the Thermo Scientific™ Syncronis™ C18,     
3x100 mm, 5 µm columns.

Prior to determining the calibration curve and range, the matrix blank was screened to 
ensure there was no detectable opiates. Surine was used as urine matrix to make 
calibration standards, which are made from serial dilution of Cerilliant stock standards. 
The deuterated drug compounds were spiked into specimens as internal standards. 
Calibration standards are in the range of 25-5000 ng/ml, with linear response of three 
orders of magnitude (R2 > 0.99) for all analyzed drugs. Figure 4 shows the 
representative calibration curves of selected analytes.

Data Acquisition and Processing
Thermo Scientific™ Xcalibur™ and Thermo Scientific  LCQuan™ software

Quality Control 
Each analyte and internal standard were identified with ion ratio. All compounds have 
to pass pre-set target ratios (qualifier ion/quantitation ion) at all calibration levels. The 
ion ratios criteria is as follows:

>50%                    +/-20%
20-50%                 +/-25%
10-20%                 +/-30%
<10%                    +/-50%

Target ratio(%)      Window(+/-%)

FIGURE 1.  Chromatogram layout of 16 opiates.   

FIGURE 2. Chromatogram layout of 5 glucuronides                     

Stringent ion ratio criteria were used to ensure the specificity of MRM measurements 
in urine matrix. All compounds need to pass pre-set target ion ratios at all levels 
(Figure 3).

FIGURE 3. Example of chromatogram overlay of quantitative ion/qualifier ion at 
25 ng/ml level

FIGURE 4.  Calibration curves of Morphine, Codeine, morphine-6-beta-D-
glucuronide and codeine-6-beta-D-glucuronide. The lower left insert of the 
chromatogram display shows the lowest calibrator 25 ng/ml.

The limits of quantitation (LOQ) were determined at 25 ng/ml for all drugs. All 
coefficients of variation (CV) (n=20) were less than 20% for the LLOQ and less than 
10% for all other points of the curve. The CV% of retention times across two channels 
is less than 1%.

Ten pilot study urine samples that tested positive for opiates (from immunoassay 
screening) were used to test the correlation of the dilute-and-shoot method with an 
acid hydrolysis method provided by a reference lab. Variation of all positive opiate hits 
are within 20%, except for Morphine, which was <30%. Further investigation of 
morphine discrepancy was undertaken. One possible explanation is that some of the 
prescription morphine drug is actually made from morphine sulphate, which is not 
included in the original analyte list. Figure 5 shows the opiates chromatogram layout of 
one pilot study sample.

FIGURE 5.  Opiates chromatogram layout of pilot study urine sample A
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prescription morphine drug is actually made from morphine sulphate, which is not 
included in the original analyte list. Figure 5 shows the opiates chromatogram layout of 
one pilot study sample.

FIGURE 5.  Opiates chromatogram layout of pilot study urine sample A
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Conclusion
A quick, automated multiplex LC-MS/MS method has been developed for monitoring 
opiates in pain management  forensic laboratories.  This work demonstrates a 
technically simple but robust quantitative method to simultaneously measure 21 
opiates, metabolites and select glucuronides in human urine. This dilute-and-shoot 
SRM LC-MS/MS methodology is suitable for use in high-throughput forensic 
laboratories where sample volume is high with minimized amount of sample 
preparation. 

Introduction

Opiates are primarily central nervous system depressants and narcotic analgesics, 
which can be abused and often lead to addiction. Pain management physicians need 
to verify that patients are taking their prescribed medications as directed to monitor 
patients for compliance. The number of new pain management forensic laboratories in 
operation are increasing worldwide to keep up with sample demand.

Traditionally, urine opiates forensic testing has been by competitive immunoassays. 
While this  method is fast and relatively inexpensive, it often lacks specificity, since the 
antibodies are directed against drug groups or classes, not at specific drug 
compounds.  Other more specific methods, such as GC/MS, were used to identify or 
quantitate the concentration of a specific opiate. But GC/MS requires extensive sample 
preparation (derivatization) and suffers from long analytical run times.

LC-MS/MS is emerging as a new “gold standard” for opiates testing in current pain 
management  forensic laboratories. A typical workflow includes acid or enzyme 
hydrolysis of opiates glucuronides into free opiates prior to LC-MS/MS analysis. This 
strategy might simplify the numbers of drugs to be analyzed, but also suffers from 
disadvantages such as long incubation times (2 hours+) and poor analyte recovery. 
Detection of opiate metabolites can also provide important evidence that the parent 
drug was possibly being abused. This work demonstrates a simple dilute-and-shoot 
quantitative method of 21 opiates, metabolites and common glucuronides by liquid 
chromatography tandem mass spectrometry (LC-MS/MS), without the limitation of 
time-consuming hydrolysis. This method provides broad drug coverage, fast turn-
around time and compares favorably to hydrolysis analysis.  

Methods
Urine specimens were diluted 4-fold with high purity water and 25 µl injected directly 
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columns were used to achieve multiplexing capability. The LC run time is 8 minutes 
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select glucuronides. 

All calibration standards, synthetic urine and deuterated internal standards used for 
quantitation were purchased from Cerilliant (Roundrock, TX). Surine was used as urine 
matrix to make calibration standards. Pilot study urine samples were obtained from 
commercial reference lab. 

HPLC Method Parameters
LC: TLX-2 HPLC
Analytical Column: Syncronis C18, 3x100 mm, 5 µm column
Solvent A 0.1% formic acid in water
Solvent B 0.1% formic acid in methanol

Mass Spectrometer Parameters
MS: Thermo Scientific™ TSQ Quantum Ultra™ triple stage quadrupole
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MS Ionization Source: Heated electrospray (HESI)
Spray Voltage: 4000 V
Sheath Gas Pressure (N2): 60 arbitrary units
Auxiliary Gas Pressure (N2): 15 arbitrary units
Vaporizer Temperature: 600 C
Capillary Temperature: 350 C
Collision Gas Pressure: 1.5 mTorr
Q1 Peak Width: 0.7 Da
Q3 Peak Width: 0.7 Da

Results and Discussions
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established. The 21 drugs included: fentanyl, norfentanyl, cis-tramadol, meperidine,
normeperidine, O-desmethyltramadol, methadone, EDDP, codeine, hydrocodone , 
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orders of magnitude (R2 > 0.99) for all analyzed drugs. Figure 4 shows the 
representative calibration curves of selected analytes.

Data Acquisition and Processing
Thermo Scientific™ Xcalibur™ and Thermo Scientific  LCQuan™ software

Quality Control 
Each analyte and internal standard were identified with ion ratio. All compounds have 
to pass pre-set target ratios (qualifier ion/quantitation ion) at all calibration levels. The 
ion ratios criteria is as follows:

>50%                    +/-20%
20-50%                 +/-25%
10-20%                 +/-30%
<10%                    +/-50%

Target ratio(%)      Window(+/-%)

FIGURE 1.  Chromatogram layout of 16 opiates.   

FIGURE 2. Chromatogram layout of 5 glucuronides                     

Stringent ion ratio criteria were used to ensure the specificity of MRM measurements 
in urine matrix. All compounds need to pass pre-set target ion ratios at all levels 
(Figure 3).

FIGURE 3. Example of chromatogram overlay of quantitative ion/qualifier ion at 
25 ng/ml level

FIGURE 4.  Calibration curves of Morphine, Codeine, morphine-6-beta-D-
glucuronide and codeine-6-beta-D-glucuronide. The lower left insert of the 
chromatogram display shows the lowest calibrator 25 ng/ml.
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10% for all other points of the curve. The CV% of retention times across two channels 
is less than 1%.

Ten pilot study urine samples that tested positive for opiates (from immunoassay 
screening) were used to test the correlation of the dilute-and-shoot method with an 
acid hydrolysis method provided by a reference lab. Variation of all positive opiate hits 
are within 20%, except for Morphine, which was <30%. Further investigation of 
morphine discrepancy was undertaken. One possible explanation is that some of the 
prescription morphine drug is actually made from morphine sulphate, which is not 
included in the original analyte list. Figure 5 shows the opiates chromatogram layout of 
one pilot study sample.

FIGURE 5.  Opiates chromatogram layout of pilot study urine sample A
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Limits of quantification were determined as the lowest concentration for which a 20% 
RSD is obtained as well as a bias inferior to 20%. The results are presented on figure9. 

 

 

 

 

 

 

 

 

 

The limits of quantification satisfy the requirements for cannabis analysis in whole 
blood, considering that the limits of detection are expected to be close to 0.5 ng/mL. 
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Conclusion 
 A fast, automated, and analytically sensitive LC-MS/MS method was developed to 

quantify THC and its metabolites in crashed whole blood.  

 The total online extraction and analytical LC runtime was 10.4 minutes. This 
throughput could be increased by multiplexing this method on a Thermo Scientific 
Transcend TLX system. 

 This method was linear from 0.5 to 100 ng/mL. 

 The lower limit of quantitation was at least of 0.5 ng/mL for THC and its 
metabolites. Good repeatability was obtained for the different calibration levels 
with %RSD inferior to 10%. 

 Correlation between GC-MS and this analytical method is being performed by 
Analysis – Expertise laboratory. 
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Overview 
 

Purpose: Sensitive quantification of THC, 11-OH-THC and THC-COOH from whole 
blood with Thermo Scientific TurboFlow technology. For confirmation purposes, 
expected limit of quantification must be close to 0.5 ng/mL. 
Methods: Blood samples were treated by protein precipitation followed by an online 
extraction and analysis by Reverse Phase Liquid Chromatography (RP-LC) coupled  to 
mass spectrometry. 

Results: This method was linear from 0.5-100 ng/mL for THC and its metabolites with 
good repeatability and sensitivity.  

 

Introduction 
 

Cannabis is the most highly used illicit substance around the world, and due to its 
psychoactive effects, it is of great importance to have analytical procedures for the 
assessment of the extent of its abuse. The major psychoactive constituent product of 
cannabis is Δ9-tetrahydrocannabinol (THC) that is rapidly metabolized mainly in11-
hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and  then in 11-nor-Δ9-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH), chemical structures are 
presented on figure 1.  
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To have a better understanding of the effects of cannabis abuse, blood analysis is 
recommended. Nevertheless, THC and 11-OH-THC have short windows of detection in 
this matrix, and therefore limits of detection for their analysis are often settled to 
concentrations as low as 0.5 ng/mL. 

In recent years, LC-MS has gained ground to GC-MS as a reference method for the 
analysis and confirmation of drugs of abuse in biological matrices in clinical and forensic 
toxicology. In the case of cannabinoids, it is particularly interesting to attain high 
sensitivities without a need for derivatization, but one of the key parameters to achieve 
sensitivity requirements is the choice of an appropriate sample treatment prior to the 
LC-MS method.  

Thermo Scientific TurboFlow technology is an automated online sample preparation 
technique that has been coupled to LC-MS/MS for the quantitative analysis of biological 
samples. Our goal is to develop a method to measure THC and its metabolites by 
reducing method time while attaining good analytical performances.  

 

Methods  

 
Sample Preparation 

A 0.2-mL sample (whole blood) was spiked with internal standards (IS) and then mixed 
with 0.4 mL of 0.1% formic acid in acetonitrile (v/v) . The mixture was vortexed and 
stored at 0 °C for 10 min. After a 2 minutes sonication,  the mixture was centrifuged at 
10,000 rpm for 10 min, and 90 μL of supernatant was injected for LC-MS/MS analysis.  

Results  
 

Method Development 

Different TurboFlow columns (Cyclone, Cyclone P, Fluoro, Phenyl-Hexyl) were 
evaluated with different loading conditions. Also different separation columns were 
evaluated (Accucore C18, Hypersil Gold C18, Accucore PFP and Accucore aQ) with 
different gradients. And finally, transfer optimization was also studied. The final 
chromatogram  is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recovery and matrix effects 

Precipitation Recovery was obtained by comparing an injection of whole blood spiked 
with the analytes and then crashed, against whole blood crashed first and then spiked. 

On-line extraction Recovery was evaluated by comparing a direct injection of a 
standard solution to the analytical column against an injection to the TurboFlow column.  

Matrix Effects were evaluated by comparing an injection of standard solution to the 
TurboFlow column against an injection of blood spiked at the same concentration.  

Overall recovery was obtained considering both recovery and matrix effects. Results 
are presented on figure 6. 

 

 

 

 

 

 

 

 

 

Calibration curves 

Calibration curves were generated  with LCQuan  2.7 SP1 software by injecting  whole 
blood samples spiked with THC, 11-OH-THC and THC-COOH. And crashed before 
injection Their deuterated (D3) compounds were used as internal standards. With a 
concentration of 17ng/mL The calibration model was linear with an equal weighting. In 
these conditions, curves were linear through the calibration range, from 0.5ng/mL to 
100ng/mL. The calibration curves are presented in figure 7. 

 

 

FIGURE 1. Molecular structures of Δ9-tetrahydrocannabinol (THC) and main 
metabolites,11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and 11-nor-Δ9-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH). 

TurboFlow and LC method 

The TurboFlow™ method  was performed  in Focus mode  (figure 2) with a Thermo 
Scientific TurboFlow Cyclone-P column. Analytical separation was carried out on a 
Thermo Scientific  Accucore C18 column (50×2.1 mm, 2.6-μm particle size) . The 
mobile phases were as follows: loading A : 0.1% formic acid in water; loading C: 0.1% 
formic acid in acetonitrile; loading D : mixture of isopropanol, acetonitrile, and acetone 
(40/40/20 v/v/v) ; elutingC : 10mM ammonium formate + 0.1% formic acid in water; 
elutingD : 0.1% formic acid in methanol. The total LC runtime was 10.4 min (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass Spectrometry 

A Thermo Scientific TSQ Vantage triple stage quadrupole mass spectrometer was 
operated with a heated electrospray ionization (HESI-II) source in positive 
ionization mode for THC and 11-OH-THC and in negative ionization mode for 
THC-COOH. Data were acquired in the selected reaction monitoring (SRM) mode 
(Figure 4). 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

FIGURE 2. . “Focus Mode Technical” diagram of TurboFlow Technology.  

FIGURE 3.  TurboFlow and LC method conditions. 

TurboFlow method conditions 
(Loading Pump) 

LC gradient conditions 
(Eluting Pump) 

FIGURE 4.  MS source parameters and SRM transitions. 
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FIGURE 5. SRM chromatograms of THC, 11-OH-THC and THC-COOH as well as 
deuterated standards (D3) from a blood sample spiked at 0.5 ng/mL. 

FIGURE 6.  Method recovery and matrix effects. 
The concentration was 7.5 ng/mL in standard , crashed whole blood and whole blood samples. 
Injection volume was set to 20µL in all cases and 5 injections were performed in each 
condition. 

 

 

FIGURE 7. Calibration curves for THC, 11-OH-THC and THC-COOH from spiked 
and crashed whole blood. Calibration ranges goes from 0.5ng/mL to 100ng/mL. 
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Each calibration point was injected 10 times. The mean calculated concentration, the 
accuracy (%Diff) and the repeatability (%RSD) for each calibration point are presented 
in figure 8. 

FIGURE 8. Accuracy (%Diff) and repeatability (%RSD) obtained for each 
calibrator (n=10) 

FIGURE 9. Limits of quantification for THC, OH-THC and THC-COOH in spiked 
and crashed whole blood samples. 
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Limits of quantification were determined as the lowest concentration for which a 20% 
RSD is obtained as well as a bias inferior to 20%. The results are presented on figure9. 

 

 

 

 

 

 

 

 

 

The limits of quantification satisfy the requirements for cannabis analysis in whole 
blood, considering that the limits of detection are expected to be close to 0.5 ng/mL. 
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Conclusion 
 A fast, automated, and analytically sensitive LC-MS/MS method was developed to 

quantify THC and its metabolites in crashed whole blood.  

 The total online extraction and analytical LC runtime was 10.4 minutes. This 
throughput could be increased by multiplexing this method on a Thermo Scientific 
Transcend TLX system. 

 This method was linear from 0.5 to 100 ng/mL. 

 The lower limit of quantitation was at least of 0.5 ng/mL for THC and its 
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Purpose: Sensitive quantification of THC, 11-OH-THC and THC-COOH from whole 
blood with Thermo Scientific TurboFlow technology. For confirmation purposes, 
expected limit of quantification must be close to 0.5 ng/mL. 
Methods: Blood samples were treated by protein precipitation followed by an online 
extraction and analysis by Reverse Phase Liquid Chromatography (RP-LC) coupled  to 
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tetrahydrocannabinol-9-carboxylic acid (THC-COOH), chemical structures are 
presented on figure 1.  
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To have a better understanding of the effects of cannabis abuse, blood analysis is 
recommended. Nevertheless, THC and 11-OH-THC have short windows of detection in 
this matrix, and therefore limits of detection for their analysis are often settled to 
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sensitivities without a need for derivatization, but one of the key parameters to achieve 
sensitivity requirements is the choice of an appropriate sample treatment prior to the 
LC-MS method.  

Thermo Scientific TurboFlow technology is an automated online sample preparation 
technique that has been coupled to LC-MS/MS for the quantitative analysis of biological 
samples. Our goal is to develop a method to measure THC and its metabolites by 
reducing method time while attaining good analytical performances.  

 

Methods  

 
Sample Preparation 

A 0.2-mL sample (whole blood) was spiked with internal standards (IS) and then mixed 
with 0.4 mL of 0.1% formic acid in acetonitrile (v/v) . The mixture was vortexed and 
stored at 0 °C for 10 min. After a 2 minutes sonication,  the mixture was centrifuged at 
10,000 rpm for 10 min, and 90 μL of supernatant was injected for LC-MS/MS analysis.  
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Method Development 

Different TurboFlow columns (Cyclone, Cyclone P, Fluoro, Phenyl-Hexyl) were 
evaluated with different loading conditions. Also different separation columns were 
evaluated (Accucore C18, Hypersil Gold C18, Accucore PFP and Accucore aQ) with 
different gradients. And finally, transfer optimization was also studied. The final 
chromatogram  is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recovery and matrix effects 

Precipitation Recovery was obtained by comparing an injection of whole blood spiked 
with the analytes and then crashed, against whole blood crashed first and then spiked. 

On-line extraction Recovery was evaluated by comparing a direct injection of a 
standard solution to the analytical column against an injection to the TurboFlow column.  

Matrix Effects were evaluated by comparing an injection of standard solution to the 
TurboFlow column against an injection of blood spiked at the same concentration.  

Overall recovery was obtained considering both recovery and matrix effects. Results 
are presented on figure 6. 

 

 

 

 

 

 

 

 

 

Calibration curves 

Calibration curves were generated  with LCQuan  2.7 SP1 software by injecting  whole 
blood samples spiked with THC, 11-OH-THC and THC-COOH. And crashed before 
injection Their deuterated (D3) compounds were used as internal standards. With a 
concentration of 17ng/mL The calibration model was linear with an equal weighting. In 
these conditions, curves were linear through the calibration range, from 0.5ng/mL to 
100ng/mL. The calibration curves are presented in figure 7. 

 

 

FIGURE 1. Molecular structures of Δ9-tetrahydrocannabinol (THC) and main 
metabolites,11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and 11-nor-Δ9-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH). 

TurboFlow and LC method 

The TurboFlow™ method  was performed  in Focus mode  (figure 2) with a Thermo 
Scientific TurboFlow Cyclone-P column. Analytical separation was carried out on a 
Thermo Scientific  Accucore C18 column (50×2.1 mm, 2.6-μm particle size) . The 
mobile phases were as follows: loading A : 0.1% formic acid in water; loading C: 0.1% 
formic acid in acetonitrile; loading D : mixture of isopropanol, acetonitrile, and acetone 
(40/40/20 v/v/v) ; elutingC : 10mM ammonium formate + 0.1% formic acid in water; 
elutingD : 0.1% formic acid in methanol. The total LC runtime was 10.4 min (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass Spectrometry 

A Thermo Scientific TSQ Vantage triple stage quadrupole mass spectrometer was 
operated with a heated electrospray ionization (HESI-II) source in positive 
ionization mode for THC and 11-OH-THC and in negative ionization mode for 
THC-COOH. Data were acquired in the selected reaction monitoring (SRM) mode 
(Figure 4). 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

FIGURE 2. . “Focus Mode Technical” diagram of TurboFlow Technology.  

FIGURE 3.  TurboFlow and LC method conditions. 
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FIGURE 4.  MS source parameters and SRM transitions. 
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FIGURE 5. SRM chromatograms of THC, 11-OH-THC and THC-COOH as well as 
deuterated standards (D3) from a blood sample spiked at 0.5 ng/mL. 

FIGURE 6.  Method recovery and matrix effects. 
The concentration was 7.5 ng/mL in standard , crashed whole blood and whole blood samples. 
Injection volume was set to 20µL in all cases and 5 injections were performed in each 
condition. 

 

 

FIGURE 7. Calibration curves for THC, 11-OH-THC and THC-COOH from spiked 
and crashed whole blood. Calibration ranges goes from 0.5ng/mL to 100ng/mL. 
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Each calibration point was injected 10 times. The mean calculated concentration, the 
accuracy (%Diff) and the repeatability (%RSD) for each calibration point are presented 
in figure 8. 

FIGURE 8. Accuracy (%Diff) and repeatability (%RSD) obtained for each 
calibrator (n=10) 

FIGURE 9. Limits of quantification for THC, OH-THC and THC-COOH in spiked 
and crashed whole blood samples. 
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Limits of quantification were determined as the lowest concentration for which a 20% 
RSD is obtained as well as a bias inferior to 20%. The results are presented on figure9. 
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blood, considering that the limits of detection are expected to be close to 0.5 ng/mL. 
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Overview 
 

Purpose: Sensitive quantification of THC, 11-OH-THC and THC-COOH from whole 
blood with Thermo Scientific TurboFlow technology. For confirmation purposes, 
expected limit of quantification must be close to 0.5 ng/mL. 
Methods: Blood samples were treated by protein precipitation followed by an online 
extraction and analysis by Reverse Phase Liquid Chromatography (RP-LC) coupled  to 
mass spectrometry. 

Results: This method was linear from 0.5-100 ng/mL for THC and its metabolites with 
good repeatability and sensitivity.  

 

Introduction 
 

Cannabis is the most highly used illicit substance around the world, and due to its 
psychoactive effects, it is of great importance to have analytical procedures for the 
assessment of the extent of its abuse. The major psychoactive constituent product of 
cannabis is Δ9-tetrahydrocannabinol (THC) that is rapidly metabolized mainly in11-
hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and  then in 11-nor-Δ9-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH), chemical structures are 
presented on figure 1.  
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To have a better understanding of the effects of cannabis abuse, blood analysis is 
recommended. Nevertheless, THC and 11-OH-THC have short windows of detection in 
this matrix, and therefore limits of detection for their analysis are often settled to 
concentrations as low as 0.5 ng/mL. 

In recent years, LC-MS has gained ground to GC-MS as a reference method for the 
analysis and confirmation of drugs of abuse in biological matrices in clinical and forensic 
toxicology. In the case of cannabinoids, it is particularly interesting to attain high 
sensitivities without a need for derivatization, but one of the key parameters to achieve 
sensitivity requirements is the choice of an appropriate sample treatment prior to the 
LC-MS method.  

Thermo Scientific TurboFlow technology is an automated online sample preparation 
technique that has been coupled to LC-MS/MS for the quantitative analysis of biological 
samples. Our goal is to develop a method to measure THC and its metabolites by 
reducing method time while attaining good analytical performances.  

 

Methods  

 
Sample Preparation 

A 0.2-mL sample (whole blood) was spiked with internal standards (IS) and then mixed 
with 0.4 mL of 0.1% formic acid in acetonitrile (v/v) . The mixture was vortexed and 
stored at 0 °C for 10 min. After a 2 minutes sonication,  the mixture was centrifuged at 
10,000 rpm for 10 min, and 90 μL of supernatant was injected for LC-MS/MS analysis.  

Results  
 

Method Development 

Different TurboFlow columns (Cyclone, Cyclone P, Fluoro, Phenyl-Hexyl) were 
evaluated with different loading conditions. Also different separation columns were 
evaluated (Accucore C18, Hypersil Gold C18, Accucore PFP and Accucore aQ) with 
different gradients. And finally, transfer optimization was also studied. The final 
chromatogram  is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recovery and matrix effects 

Precipitation Recovery was obtained by comparing an injection of whole blood spiked 
with the analytes and then crashed, against whole blood crashed first and then spiked. 

On-line extraction Recovery was evaluated by comparing a direct injection of a 
standard solution to the analytical column against an injection to the TurboFlow column.  

Matrix Effects were evaluated by comparing an injection of standard solution to the 
TurboFlow column against an injection of blood spiked at the same concentration.  

Overall recovery was obtained considering both recovery and matrix effects. Results 
are presented on figure 6. 

 

 

 

 

 

 

 

 

 

Calibration curves 

Calibration curves were generated  with LCQuan  2.7 SP1 software by injecting  whole 
blood samples spiked with THC, 11-OH-THC and THC-COOH. And crashed before 
injection Their deuterated (D3) compounds were used as internal standards. With a 
concentration of 17ng/mL The calibration model was linear with an equal weighting. In 
these conditions, curves were linear through the calibration range, from 0.5ng/mL to 
100ng/mL. The calibration curves are presented in figure 7. 

 

 

FIGURE 1. Molecular structures of Δ9-tetrahydrocannabinol (THC) and main 
metabolites,11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and 11-nor-Δ9-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH). 

TurboFlow and LC method 

The TurboFlow™ method  was performed  in Focus mode  (figure 2) with a Thermo 
Scientific TurboFlow Cyclone-P column. Analytical separation was carried out on a 
Thermo Scientific  Accucore C18 column (50×2.1 mm, 2.6-μm particle size) . The 
mobile phases were as follows: loading A : 0.1% formic acid in water; loading C: 0.1% 
formic acid in acetonitrile; loading D : mixture of isopropanol, acetonitrile, and acetone 
(40/40/20 v/v/v) ; elutingC : 10mM ammonium formate + 0.1% formic acid in water; 
elutingD : 0.1% formic acid in methanol. The total LC runtime was 10.4 min (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass Spectrometry 

A Thermo Scientific TSQ Vantage triple stage quadrupole mass spectrometer was 
operated with a heated electrospray ionization (HESI-II) source in positive 
ionization mode for THC and 11-OH-THC and in negative ionization mode for 
THC-COOH. Data were acquired in the selected reaction monitoring (SRM) mode 
(Figure 4). 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

FIGURE 2. . “Focus Mode Technical” diagram of TurboFlow Technology.  

FIGURE 3.  TurboFlow and LC method conditions. 
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FIGURE 4.  MS source parameters and SRM transitions. 
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FIGURE 5. SRM chromatograms of THC, 11-OH-THC and THC-COOH as well as 
deuterated standards (D3) from a blood sample spiked at 0.5 ng/mL. 

FIGURE 6.  Method recovery and matrix effects. 
The concentration was 7.5 ng/mL in standard , crashed whole blood and whole blood samples. 
Injection volume was set to 20µL in all cases and 5 injections were performed in each 
condition. 

 

 

FIGURE 7. Calibration curves for THC, 11-OH-THC and THC-COOH from spiked 
and crashed whole blood. Calibration ranges goes from 0.5ng/mL to 100ng/mL. 
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Each calibration point was injected 10 times. The mean calculated concentration, the 
accuracy (%Diff) and the repeatability (%RSD) for each calibration point are presented 
in figure 8. 

FIGURE 8. Accuracy (%Diff) and repeatability (%RSD) obtained for each 
calibrator (n=10) 

FIGURE 9. Limits of quantification for THC, OH-THC and THC-COOH in spiked 
and crashed whole blood samples. 
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Limits of quantification were determined as the lowest concentration for which a 20% 
RSD is obtained as well as a bias inferior to 20%. The results are presented on figure9. 
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samples. Our goal is to develop a method to measure THC and its metabolites by 
reducing method time while attaining good analytical performances.  
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Sample Preparation 

A 0.2-mL sample (whole blood) was spiked with internal standards (IS) and then mixed 
with 0.4 mL of 0.1% formic acid in acetonitrile (v/v) . The mixture was vortexed and 
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Method Development 
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Recovery and matrix effects 

Precipitation Recovery was obtained by comparing an injection of whole blood spiked 
with the analytes and then crashed, against whole blood crashed first and then spiked. 

On-line extraction Recovery was evaluated by comparing a direct injection of a 
standard solution to the analytical column against an injection to the TurboFlow column.  

Matrix Effects were evaluated by comparing an injection of standard solution to the 
TurboFlow column against an injection of blood spiked at the same concentration.  

Overall recovery was obtained considering both recovery and matrix effects. Results 
are presented on figure 6. 
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Calibration curves were generated  with LCQuan  2.7 SP1 software by injecting  whole 
blood samples spiked with THC, 11-OH-THC and THC-COOH. And crashed before 
injection Their deuterated (D3) compounds were used as internal standards. With a 
concentration of 17ng/mL The calibration model was linear with an equal weighting. In 
these conditions, curves were linear through the calibration range, from 0.5ng/mL to 
100ng/mL. The calibration curves are presented in figure 7. 
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elutingD : 0.1% formic acid in methanol. The total LC runtime was 10.4 min (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass Spectrometry 

A Thermo Scientific TSQ Vantage triple stage quadrupole mass spectrometer was 
operated with a heated electrospray ionization (HESI-II) source in positive 
ionization mode for THC and 11-OH-THC and in negative ionization mode for 
THC-COOH. Data were acquired in the selected reaction monitoring (SRM) mode 
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FIGURE 6.  Method recovery and matrix effects. 
The concentration was 7.5 ng/mL in standard , crashed whole blood and whole blood samples. 
Injection volume was set to 20µL in all cases and 5 injections were performed in each 
condition. 

 

 

FIGURE 7. Calibration curves for THC, 11-OH-THC and THC-COOH from spiked 
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Each calibration point was injected 10 times. The mean calculated concentration, the 
accuracy (%Diff) and the repeatability (%RSD) for each calibration point are presented 
in figure 8. 

FIGURE 8. Accuracy (%Diff) and repeatability (%RSD) obtained for each 
calibrator (n=10) 

FIGURE 9. Limits of quantification for THC, OH-THC and THC-COOH in spiked 
and crashed whole blood samples. 
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Limits of quantification were determined as the lowest concentration for which a 20% 
RSD is obtained as well as a bias inferior to 20%. The results are presented on figure9. 
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A 0.2-mL sample (whole blood) was spiked with internal standards (IS) and then mixed 
with 0.4 mL of 0.1% formic acid in acetonitrile (v/v) . The mixture was vortexed and 
stored at 0 °C for 10 min. After a 2 minutes sonication,  the mixture was centrifuged at 
10,000 rpm for 10 min, and 90 μL of supernatant was injected for LC-MS/MS analysis.  

Results  
 

Method Development 

Different TurboFlow columns (Cyclone, Cyclone P, Fluoro, Phenyl-Hexyl) were 
evaluated with different loading conditions. Also different separation columns were 
evaluated (Accucore C18, Hypersil Gold C18, Accucore PFP and Accucore aQ) with 
different gradients. And finally, transfer optimization was also studied. The final 
chromatogram  is shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recovery and matrix effects 

Precipitation Recovery was obtained by comparing an injection of whole blood spiked 
with the analytes and then crashed, against whole blood crashed first and then spiked. 

On-line extraction Recovery was evaluated by comparing a direct injection of a 
standard solution to the analytical column against an injection to the TurboFlow column.  

Matrix Effects were evaluated by comparing an injection of standard solution to the 
TurboFlow column against an injection of blood spiked at the same concentration.  

Overall recovery was obtained considering both recovery and matrix effects. Results 
are presented on figure 6. 

 

 

 

 

 

 

 

 

 

Calibration curves 

Calibration curves were generated  with LCQuan  2.7 SP1 software by injecting  whole 
blood samples spiked with THC, 11-OH-THC and THC-COOH. And crashed before 
injection Their deuterated (D3) compounds were used as internal standards. With a 
concentration of 17ng/mL The calibration model was linear with an equal weighting. In 
these conditions, curves were linear through the calibration range, from 0.5ng/mL to 
100ng/mL. The calibration curves are presented in figure 7. 

 

 

FIGURE 1. Molecular structures of Δ9-tetrahydrocannabinol (THC) and main 
metabolites,11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and 11-nor-Δ9-
tetrahydrocannabinol-9-carboxylic acid (THC-COOH). 

TurboFlow and LC method 

The TurboFlow™ method  was performed  in Focus mode  (figure 2) with a Thermo 
Scientific TurboFlow Cyclone-P column. Analytical separation was carried out on a 
Thermo Scientific  Accucore C18 column (50×2.1 mm, 2.6-μm particle size) . The 
mobile phases were as follows: loading A : 0.1% formic acid in water; loading C: 0.1% 
formic acid in acetonitrile; loading D : mixture of isopropanol, acetonitrile, and acetone 
(40/40/20 v/v/v) ; elutingC : 10mM ammonium formate + 0.1% formic acid in water; 
elutingD : 0.1% formic acid in methanol. The total LC runtime was 10.4 min (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass Spectrometry 

A Thermo Scientific TSQ Vantage triple stage quadrupole mass spectrometer was 
operated with a heated electrospray ionization (HESI-II) source in positive 
ionization mode for THC and 11-OH-THC and in negative ionization mode for 
THC-COOH. Data were acquired in the selected reaction monitoring (SRM) mode 
(Figure 4). 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

FIGURE 2. . “Focus Mode Technical” diagram of TurboFlow Technology.  

FIGURE 3.  TurboFlow and LC method conditions. 

TurboFlow method conditions 
(Loading Pump) 

LC gradient conditions 
(Eluting Pump) 

FIGURE 4.  MS source parameters and SRM transitions. 
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FIGURE 5. SRM chromatograms of THC, 11-OH-THC and THC-COOH as well as 
deuterated standards (D3) from a blood sample spiked at 0.5 ng/mL. 

FIGURE 6.  Method recovery and matrix effects. 
The concentration was 7.5 ng/mL in standard , crashed whole blood and whole blood samples. 
Injection volume was set to 20µL in all cases and 5 injections were performed in each 
condition. 

 

 

FIGURE 7. Calibration curves for THC, 11-OH-THC and THC-COOH from spiked 
and crashed whole blood. Calibration ranges goes from 0.5ng/mL to 100ng/mL. 
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Each calibration point was injected 10 times. The mean calculated concentration, the 
accuracy (%Diff) and the repeatability (%RSD) for each calibration point are presented 
in figure 8. 

FIGURE 8. Accuracy (%Diff) and repeatability (%RSD) obtained for each 
calibrator (n=10) 

FIGURE 9. Limits of quantification for THC, OH-THC and THC-COOH in spiked 
and crashed whole blood samples. 
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2 Quantitation of Seven Designer Cathinones in Urine Using Q Exactive Mass Spectrometer

Methods
Method Development
This assay was originally developed as a urine dilution method. When a lower limit of 
quantitation (LOQ) was desired, liquid/liquid extraction was developed to concentrate 
the samples. Initial experiments showed good linearity and detection limits, but also  
low recovery and highly variable internal standard responses. To investigate and 
mediate the possible loss of analytes during the evaporation step, the following 
experiments were performed:  1 & 2) Evaporate samples for either 15 minutes or 
60 minutes; 3 & 4) Add 20 µL of DMSO to the tubes before evaporation to prevent 
samples from evaporating to dryness, again for 15 or 60 minutes; 5) Add 20 µL DMSO 
to tubes after evaporation to determine if solubility is an issue; and 6) Spike a blank 
processed sample with analytes after evaporation as 100% recovery. Results shown in 
Figure 2 indicate that evaporation time is critical, especially for mephedrone, the 
smallest molecule tested, and solubility might be an issue for naphyrone.
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Conclusion
We achieved our goal of a 0.5-ng/mL LOQ for the three newly-regulated cathinones, 
MDPV, mephedrone and methylone, as well as methylone, ethylone and butylone in 
urine. Naphyrone, which shows greater variability, can be detected down to 0.5 ng/mL
in a qualitative manner. Deuterated internal standards are essential for rigorous 
quantitation of these compounds. 

For Forensic Toxicology use only.

Overview
Purpose: To develop an HPLC-MS method for the forensic toxicological analysis of the 
three Schedule I cathinones: MDPV, methylone and mephedrone, as well as other 
substituted cathinones: methedrone, ethylone, butylone and naphyrone in urine with 
limits of quantitation (LOQs) of 0.5 ng/mL.

Methods: Liquid/liquid extraction followed by HPLC/MS/MS analysis on a Thermo 
Scientific™ Q Exactive™ benchtop Orbitrap mass spectrometer.

Results: We achieved LOQs of 0.5 ng/mL with good reproducibility and accuracy for 
MDPV, mephedrone, methylone, methylone, ethylone and butylone. Naphyrone
showed more variability  and is considered qualitative using this method.

Introduction
Substituted cathinones, or “Bath Salts,” have become the latest abused designer 
drugs. Based on cathinone, a substance found in the African Catha edulis (khat) plant, 
substituted cathinones are stimulants with amphetamine- and cocaine-like effects. As 
with many designer drugs classes, variations on base structure abound (Figure 1). On 
October 21, 2011 the United States Drug Enforcement Agency (US DEA) listed three of 
the most common chemicals – methylenedioxy pyrovalerone (MDPV), methylone and 
mephedrone – as Schedule I drugs, thereby making them illegal. As these drugs are 
not detected by current ELISA drug screening tests, new methods are needed to detect 
and quantitate these compounds.

FIGURE 3. HPLC gradient for 
cathinone analysis.

FIGURE 4. Mass spectrometer 
source conditions.

Data Analysis
Data acquisition and processing were performed using Thermo Scientific™ 
TraceFinder™ software.

Validation
Standard curves were prepared by fortifying pooled blank human urine with analytes. 
Quality control (QC) samples were prepared in a similar manner at low (LQC), middle 
(MQC) and high (HQC) concentrations. Intra-run variability and robustness were 
determined by processing six replicates of each QC level along with a calibration curve 
as outlined in the Sample Preparation section on three different days. Matrix effects 
were investigated by comparing peak areas of analyte at 10 ng/mL, and internal 
standard prepared in 12 different lots of urine to those of a sample prepared in water.

All trademarks are the property of Thermo Fisher Scientific and its subsidiaries.

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Representative chromatogram of cathinones at 0.5 ng/mL in urine 
reconstructed at 5 ppm mass accuracy.

FIGURE 2. Results for method development experiments to determine effects of 
evaporation step in sample processing. P = plain tubes after -15 and -60 min 
evaporation; DMSO = tubes with DMSO added prior to -15 and -60 min 
evaporation; PD = evaporated without DMSO, add DMSO after 15 min 
evaporation; Spike = compounds spiked after 15 min evaporation

FIGURE 9. Inter-assay QC results

Although naphyrone was detected at 0.5 ng/mL, it showed more variability than the 
other compounds and a greater matrix effect from lot to lot. Absolute recoveries for 
naphyrone ranged from 146% to 754% while relative recoveries using MDPV-d8 as 
internal standard ranged from 150% to 596%. All available internal standards were 
tried, and MDPV-d8 showed the best results. A lack of a deuterated analog for 
naphyrone does not allow for matrix effect corrections and negatively effects method 
precision. In this assay, naphyrone should be considered qualitative.

Parameter Value
Sheath Gas 35
Aux gas 15
Sweep gas 1
Discharge current 4
Capillary temp 320
S-Lens RF Level 60
Vaporizer Temp 350

Analyte m/z NCE Quantifier m/z Qualifier m/z
Mephedrone 178.1226 35% 160.1119 145.0885
Mephedrone-d3 181.1415 35% 163.1306 148.1072
Methylone 208.0968 35% 160.0756 190.0861
Methylone-d3 211.1156 35% 163.0943 193.1049
MDPV 276.1594 60% 126.1278 135.0440
MDPV-d8 284.2096 60% 134.1779 135.0440
Naphyrone 282.1852 45% 141.0697 211.1115
Ethylone 222.1125 45% 174.0911 204.1016
Ethylone-d5 227.1438 45% 179.1224 209.1329
Butylone 222.1125 45% 174.0912 204.1017
Butylone-d3 225.1313 45% 177.1099 207.1205
Methedrone 194.1176 35% 176.1069 161.0834

butylone ethylone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.28 26.0 99.0 2.31 25.9 99.6
%Bias -8.7 4.1 -1.0 -7.4 3.4 -0.4
%CV 3.7 3.8 4.4 3.4 3.0 1.7

MDPV mephedrone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.30 25.7 98.4 2.38 26.7 97.8
%Bias -8.1 2.9 -1.5 -4.7 6.8 -2.2
%CV 5.8 6.3 5.1 7.1 1.9 2.7

methedrone methylone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.49 28.1 105 2.34 26.1 99.6
%Bias -0.3 12.5 5.0 -6.5 4.6 -0.4
%CV 4.4 6.4 3.1 5.1 1.8 3.1

naphyrone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.55 22.9 103
%Bias 2.1 -8.3 3.0
%CV 22 8.5 5.2

Time 
(min) %A %B %C Flow 

(µL/min)
0 90 10 0 500

0.15 90 10 0 500
2.15 5 95 0 500
2.45 5 95 0 500
2.46 0 0 100 500
3.30 0 0 100 500
3.31 90 10 0 500
5.00 90 10 0 500
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FIGURE 6. Exact masses and normalized collision energies (NCE) for cathinones

FIGURE 5. Diagram of Q Exactive Mass Spectrometer
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FIGURE 7. Representative calibration curves of cathinones in urine.
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Sample Preparation
Deuterated internal standards were available for all compounds except methedrone 
and naphyrone. Butylone-d3 was used as internal standard for methedrone and 
MDPV-d8 was used for naphyrone. Samples preparation is a liquid-liquid extraction 
(LLE). 200 µL of urine and 10 µL of internal standard mix solution (2 µg/mL of each 
deuterated IS) were basified with 100 µL of 1 N NaOH. Extraction was performed by 
adding 1 mL of ethylacetate:hexane (1:1), mixing and centrifuging. 800 µL of the 
resulting supernatant was transferred to a clean test tube containing 20 µL of DMSO to 
prevent complete evaporation of solvent. Analytes are small and slightly volatile, and 
will evaporate if left too long in the evaporator. Solvent was evaporated at 37 °C under 
nitrogen for 15 minutes. 200 µL of 5% methanol was added, mixed and transferred to 
an HPLC vial with limited-volume insert. 20 µL was then injected onto HPLC-MS.

Liquid Chromatography 
Chromatographic analysis was performed using the Thermo Scientific™ Accela™ 600 
HPLC pump and a Thermo Scientific™ Hypersil™ GOLD C18 column (50 x 2.1 mm, 
3 µm particle size) under gradient conditions (Figure 3). Mobile phases A and B 
consisted of 10 mM ammonium formate with 0.1% formic acid in water and methanol, 
respectively. Mobile phase C was acetonitrile:1-propanol:acetone (45:45:10). The total 
run time was 5 minutes.

Mass Spectrometry
MS analysis was carried out on a Thermo Scientific Q Exactive bench-top Orbitrap 
mass spectrometer equipped with a heated electrospray ionization (HESI-II) probe 
(Figure 5). The Q Exactive was operated in t-MS2 mode at a resolution of 17,500 
(@m/z=200). Exact masses, collision energies and fragment ions are listed in Figure 6.
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Results
MDPV, methylone, mephedrone, methedrone, ethylone and butylone were all linear 
from 0.5 to 1000 ng/mL. Figure 7 shows representative calibration curves for all 
compounds. Figure 8 shows representative chromatogram at 0.5 ng/mL for all 
compounds tested. Inter-assay quality control statistics shown in Figure 9 demonstrate 
the method to be reproducible across the calibration range for the above compounds. 
Limited matrix effects were seen for the above compounds, and those were largely 
mediated by deuterated internal standards. The absolute recoveries of all cathinones
tested in various lots of urine compared to a sample prepared in water ranged from 
89% to 163%. Relative recoveries ranged from 105% to 136%. Precision across all 
lots also improved when deuterated internal standards were used.

FIGURE 1. Structures of designer cathinones
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Methods
Method Development
This assay was originally developed as a urine dilution method. When a lower limit of 
quantitation (LOQ) was desired, liquid/liquid extraction was developed to concentrate 
the samples. Initial experiments showed good linearity and detection limits, but also  
low recovery and highly variable internal standard responses. To investigate and 
mediate the possible loss of analytes during the evaporation step, the following 
experiments were performed:  1 & 2) Evaporate samples for either 15 minutes or 
60 minutes; 3 & 4) Add 20 µL of DMSO to the tubes before evaporation to prevent 
samples from evaporating to dryness, again for 15 or 60 minutes; 5) Add 20 µL DMSO 
to tubes after evaporation to determine if solubility is an issue; and 6) Spike a blank 
processed sample with analytes after evaporation as 100% recovery. Results shown in 
Figure 2 indicate that evaporation time is critical, especially for mephedrone, the 
smallest molecule tested, and solubility might be an issue for naphyrone.
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Conclusion
We achieved our goal of a 0.5-ng/mL LOQ for the three newly-regulated cathinones, 
MDPV, mephedrone and methylone, as well as methylone, ethylone and butylone in 
urine. Naphyrone, which shows greater variability, can be detected down to 0.5 ng/mL
in a qualitative manner. Deuterated internal standards are essential for rigorous 
quantitation of these compounds. 

For Forensic Toxicology use only.

Overview
Purpose: To develop an HPLC-MS method for the forensic toxicological analysis of the 
three Schedule I cathinones: MDPV, methylone and mephedrone, as well as other 
substituted cathinones: methedrone, ethylone, butylone and naphyrone in urine with 
limits of quantitation (LOQs) of 0.5 ng/mL.

Methods: Liquid/liquid extraction followed by HPLC/MS/MS analysis on a Thermo 
Scientific™ Q Exactive™ benchtop Orbitrap mass spectrometer.

Results: We achieved LOQs of 0.5 ng/mL with good reproducibility and accuracy for 
MDPV, mephedrone, methylone, methylone, ethylone and butylone. Naphyrone
showed more variability  and is considered qualitative using this method.

Introduction
Substituted cathinones, or “Bath Salts,” have become the latest abused designer 
drugs. Based on cathinone, a substance found in the African Catha edulis (khat) plant, 
substituted cathinones are stimulants with amphetamine- and cocaine-like effects. As 
with many designer drugs classes, variations on base structure abound (Figure 1). On 
October 21, 2011 the United States Drug Enforcement Agency (US DEA) listed three of 
the most common chemicals – methylenedioxy pyrovalerone (MDPV), methylone and 
mephedrone – as Schedule I drugs, thereby making them illegal. As these drugs are 
not detected by current ELISA drug screening tests, new methods are needed to detect 
and quantitate these compounds.

FIGURE 3. HPLC gradient for 
cathinone analysis.

FIGURE 4. Mass spectrometer 
source conditions.

Data Analysis
Data acquisition and processing were performed using Thermo Scientific™ 
TraceFinder™ software.

Validation
Standard curves were prepared by fortifying pooled blank human urine with analytes. 
Quality control (QC) samples were prepared in a similar manner at low (LQC), middle 
(MQC) and high (HQC) concentrations. Intra-run variability and robustness were 
determined by processing six replicates of each QC level along with a calibration curve 
as outlined in the Sample Preparation section on three different days. Matrix effects 
were investigated by comparing peak areas of analyte at 10 ng/mL, and internal 
standard prepared in 12 different lots of urine to those of a sample prepared in water.
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FIGURE 8. Representative chromatogram of cathinones at 0.5 ng/mL in urine 
reconstructed at 5 ppm mass accuracy.

FIGURE 2. Results for method development experiments to determine effects of 
evaporation step in sample processing. P = plain tubes after -15 and -60 min 
evaporation; DMSO = tubes with DMSO added prior to -15 and -60 min 
evaporation; PD = evaporated without DMSO, add DMSO after 15 min 
evaporation; Spike = compounds spiked after 15 min evaporation

FIGURE 9. Inter-assay QC results

Although naphyrone was detected at 0.5 ng/mL, it showed more variability than the 
other compounds and a greater matrix effect from lot to lot. Absolute recoveries for 
naphyrone ranged from 146% to 754% while relative recoveries using MDPV-d8 as 
internal standard ranged from 150% to 596%. All available internal standards were 
tried, and MDPV-d8 showed the best results. A lack of a deuterated analog for 
naphyrone does not allow for matrix effect corrections and negatively effects method 
precision. In this assay, naphyrone should be considered qualitative.

Parameter Value
Sheath Gas 35
Aux gas 15
Sweep gas 1
Discharge current 4
Capillary temp 320
S-Lens RF Level 60
Vaporizer Temp 350

Analyte m/z NCE Quantifier m/z Qualifier m/z
Mephedrone 178.1226 35% 160.1119 145.0885
Mephedrone-d3 181.1415 35% 163.1306 148.1072
Methylone 208.0968 35% 160.0756 190.0861
Methylone-d3 211.1156 35% 163.0943 193.1049
MDPV 276.1594 60% 126.1278 135.0440
MDPV-d8 284.2096 60% 134.1779 135.0440
Naphyrone 282.1852 45% 141.0697 211.1115
Ethylone 222.1125 45% 174.0911 204.1016
Ethylone-d5 227.1438 45% 179.1224 209.1329
Butylone 222.1125 45% 174.0912 204.1017
Butylone-d3 225.1313 45% 177.1099 207.1205
Methedrone 194.1176 35% 176.1069 161.0834

butylone ethylone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.28 26.0 99.0 2.31 25.9 99.6
%Bias -8.7 4.1 -1.0 -7.4 3.4 -0.4
%CV 3.7 3.8 4.4 3.4 3.0 1.7

MDPV mephedrone
LQC

2.5 ng/mL
MQC

25 ng/mL
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FIGURE 6. Exact masses and normalized collision energies (NCE) for cathinones

FIGURE 5. Diagram of Q Exactive Mass Spectrometer
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FIGURE 7. Representative calibration curves of cathinones in urine.
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Sample Preparation
Deuterated internal standards were available for all compounds except methedrone 
and naphyrone. Butylone-d3 was used as internal standard for methedrone and 
MDPV-d8 was used for naphyrone. Samples preparation is a liquid-liquid extraction 
(LLE). 200 µL of urine and 10 µL of internal standard mix solution (2 µg/mL of each 
deuterated IS) were basified with 100 µL of 1 N NaOH. Extraction was performed by 
adding 1 mL of ethylacetate:hexane (1:1), mixing and centrifuging. 800 µL of the 
resulting supernatant was transferred to a clean test tube containing 20 µL of DMSO to 
prevent complete evaporation of solvent. Analytes are small and slightly volatile, and 
will evaporate if left too long in the evaporator. Solvent was evaporated at 37 °C under 
nitrogen for 15 minutes. 200 µL of 5% methanol was added, mixed and transferred to 
an HPLC vial with limited-volume insert. 20 µL was then injected onto HPLC-MS.

Liquid Chromatography 
Chromatographic analysis was performed using the Thermo Scientific™ Accela™ 600 
HPLC pump and a Thermo Scientific™ Hypersil™ GOLD C18 column (50 x 2.1 mm, 
3 µm particle size) under gradient conditions (Figure 3). Mobile phases A and B 
consisted of 10 mM ammonium formate with 0.1% formic acid in water and methanol, 
respectively. Mobile phase C was acetonitrile:1-propanol:acetone (45:45:10). The total 
run time was 5 minutes.

Mass Spectrometry
MS analysis was carried out on a Thermo Scientific Q Exactive bench-top Orbitrap 
mass spectrometer equipped with a heated electrospray ionization (HESI-II) probe 
(Figure 5). The Q Exactive was operated in t-MS2 mode at a resolution of 17,500 
(@m/z=200). Exact masses, collision energies and fragment ions are listed in Figure 6.
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Results
MDPV, methylone, mephedrone, methedrone, ethylone and butylone were all linear 
from 0.5 to 1000 ng/mL. Figure 7 shows representative calibration curves for all 
compounds. Figure 8 shows representative chromatogram at 0.5 ng/mL for all 
compounds tested. Inter-assay quality control statistics shown in Figure 9 demonstrate 
the method to be reproducible across the calibration range for the above compounds. 
Limited matrix effects were seen for the above compounds, and those were largely 
mediated by deuterated internal standards. The absolute recoveries of all cathinones
tested in various lots of urine compared to a sample prepared in water ranged from 
89% to 163%. Relative recoveries ranged from 105% to 136%. Precision across all 
lots also improved when deuterated internal standards were used.

FIGURE 1. Structures of designer cathinones
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4 Quantitation of Seven Designer Cathinones in Urine Using Q Exactive Mass Spectrometer

Methods
Method Development
This assay was originally developed as a urine dilution method. When a lower limit of 
quantitation (LOQ) was desired, liquid/liquid extraction was developed to concentrate 
the samples. Initial experiments showed good linearity and detection limits, but also  
low recovery and highly variable internal standard responses. To investigate and 
mediate the possible loss of analytes during the evaporation step, the following 
experiments were performed:  1 & 2) Evaporate samples for either 15 minutes or 
60 minutes; 3 & 4) Add 20 µL of DMSO to the tubes before evaporation to prevent 
samples from evaporating to dryness, again for 15 or 60 minutes; 5) Add 20 µL DMSO 
to tubes after evaporation to determine if solubility is an issue; and 6) Spike a blank 
processed sample with analytes after evaporation as 100% recovery. Results shown in 
Figure 2 indicate that evaporation time is critical, especially for mephedrone, the 
smallest molecule tested, and solubility might be an issue for naphyrone.

Quantitation of Seven Designer Cathinones in Urine Using Q Exactive Mass Spectrometer
Marta Kozak¹, Kristine Van Natta¹, Shijun Sheng²
¹Thermo Fisher Scientific, San Jose, CA, USA
²Thermo Fisher Scientific, Franklin, MA, USA

Conclusion
We achieved our goal of a 0.5-ng/mL LOQ for the three newly-regulated cathinones, 
MDPV, mephedrone and methylone, as well as methylone, ethylone and butylone in 
urine. Naphyrone, which shows greater variability, can be detected down to 0.5 ng/mL
in a qualitative manner. Deuterated internal standards are essential for rigorous 
quantitation of these compounds. 

For Forensic Toxicology use only.

Overview
Purpose: To develop an HPLC-MS method for the forensic toxicological analysis of the 
three Schedule I cathinones: MDPV, methylone and mephedrone, as well as other 
substituted cathinones: methedrone, ethylone, butylone and naphyrone in urine with 
limits of quantitation (LOQs) of 0.5 ng/mL.

Methods: Liquid/liquid extraction followed by HPLC/MS/MS analysis on a Thermo 
Scientific™ Q Exactive™ benchtop Orbitrap mass spectrometer.

Results: We achieved LOQs of 0.5 ng/mL with good reproducibility and accuracy for 
MDPV, mephedrone, methylone, methylone, ethylone and butylone. Naphyrone
showed more variability  and is considered qualitative using this method.

Introduction
Substituted cathinones, or “Bath Salts,” have become the latest abused designer 
drugs. Based on cathinone, a substance found in the African Catha edulis (khat) plant, 
substituted cathinones are stimulants with amphetamine- and cocaine-like effects. As 
with many designer drugs classes, variations on base structure abound (Figure 1). On 
October 21, 2011 the United States Drug Enforcement Agency (US DEA) listed three of 
the most common chemicals – methylenedioxy pyrovalerone (MDPV), methylone and 
mephedrone – as Schedule I drugs, thereby making them illegal. As these drugs are 
not detected by current ELISA drug screening tests, new methods are needed to detect 
and quantitate these compounds.

FIGURE 3. HPLC gradient for 
cathinone analysis.

FIGURE 4. Mass spectrometer 
source conditions.

Data Analysis
Data acquisition and processing were performed using Thermo Scientific™ 
TraceFinder™ software.

Validation
Standard curves were prepared by fortifying pooled blank human urine with analytes. 
Quality control (QC) samples were prepared in a similar manner at low (LQC), middle 
(MQC) and high (HQC) concentrations. Intra-run variability and robustness were 
determined by processing six replicates of each QC level along with a calibration curve 
as outlined in the Sample Preparation section on three different days. Matrix effects 
were investigated by comparing peak areas of analyte at 10 ng/mL, and internal 
standard prepared in 12 different lots of urine to those of a sample prepared in water.

All trademarks are the property of Thermo Fisher Scientific and its subsidiaries.

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Representative chromatogram of cathinones at 0.5 ng/mL in urine 
reconstructed at 5 ppm mass accuracy.

FIGURE 2. Results for method development experiments to determine effects of 
evaporation step in sample processing. P = plain tubes after -15 and -60 min 
evaporation; DMSO = tubes with DMSO added prior to -15 and -60 min 
evaporation; PD = evaporated without DMSO, add DMSO after 15 min 
evaporation; Spike = compounds spiked after 15 min evaporation

FIGURE 9. Inter-assay QC results

Although naphyrone was detected at 0.5 ng/mL, it showed more variability than the 
other compounds and a greater matrix effect from lot to lot. Absolute recoveries for 
naphyrone ranged from 146% to 754% while relative recoveries using MDPV-d8 as 
internal standard ranged from 150% to 596%. All available internal standards were 
tried, and MDPV-d8 showed the best results. A lack of a deuterated analog for 
naphyrone does not allow for matrix effect corrections and negatively effects method 
precision. In this assay, naphyrone should be considered qualitative.

Parameter Value
Sheath Gas 35
Aux gas 15
Sweep gas 1
Discharge current 4
Capillary temp 320
S-Lens RF Level 60
Vaporizer Temp 350

Analyte m/z NCE Quantifier m/z Qualifier m/z
Mephedrone 178.1226 35% 160.1119 145.0885
Mephedrone-d3 181.1415 35% 163.1306 148.1072
Methylone 208.0968 35% 160.0756 190.0861
Methylone-d3 211.1156 35% 163.0943 193.1049
MDPV 276.1594 60% 126.1278 135.0440
MDPV-d8 284.2096 60% 134.1779 135.0440
Naphyrone 282.1852 45% 141.0697 211.1115
Ethylone 222.1125 45% 174.0911 204.1016
Ethylone-d5 227.1438 45% 179.1224 209.1329
Butylone 222.1125 45% 174.0912 204.1017
Butylone-d3 225.1313 45% 177.1099 207.1205
Methedrone 194.1176 35% 176.1069 161.0834
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%CV 5.8 6.3 5.1 7.1 1.9 2.7
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%Bias -0.3 12.5 5.0 -6.5 4.6 -0.4
%CV 4.4 6.4 3.1 5.1 1.8 3.1

naphyrone
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Mean 2.55 22.9 103
%Bias 2.1 -8.3 3.0
%CV 22 8.5 5.2
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FIGURE 6. Exact masses and normalized collision energies (NCE) for cathinones

FIGURE 5. Diagram of Q Exactive Mass Spectrometer
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FIGURE 7. Representative calibration curves of cathinones in urine.

0
1
2
3
4
5
6
7
8
9

10

0 200 400 600 800 1000

A
re

a 
R

at
io

ng/mL

butylone

R2 = 0.9969

0
1
2
3
4
5
6
7
8
9

10

0 200 400 600 800 1000

A
re

a 
R

at
io

ng/mL

ethylone

R2 = 0.9926

0
1
2
3
4
5
6
7
8
9

10

0 200 400 600 800 1000

A
re

a 
R

at
io

ng/mL

MDPV
R2 = 0.9930

0

2

4

6

8

10

12

0 200 400 600 800 1000
A

re
a 

R
at

io

ng/mL

methedrone
R2 = 0.9950

0
1
2
3
4
5
6
7
8
9

10

0 200 400 600 800 1000

A
re

a 
R

at
io

ng/mL

mephedrone
R2 = 0.9900

0

1

2

3

4

5

6

0 200 400 600 800 1000

A
re

a 
R

at
io

ng/mL

naphyrone
R2 = 0.9805

Sample Preparation
Deuterated internal standards were available for all compounds except methedrone 
and naphyrone. Butylone-d3 was used as internal standard for methedrone and 
MDPV-d8 was used for naphyrone. Samples preparation is a liquid-liquid extraction 
(LLE). 200 µL of urine and 10 µL of internal standard mix solution (2 µg/mL of each 
deuterated IS) were basified with 100 µL of 1 N NaOH. Extraction was performed by 
adding 1 mL of ethylacetate:hexane (1:1), mixing and centrifuging. 800 µL of the 
resulting supernatant was transferred to a clean test tube containing 20 µL of DMSO to 
prevent complete evaporation of solvent. Analytes are small and slightly volatile, and 
will evaporate if left too long in the evaporator. Solvent was evaporated at 37 °C under 
nitrogen for 15 minutes. 200 µL of 5% methanol was added, mixed and transferred to 
an HPLC vial with limited-volume insert. 20 µL was then injected onto HPLC-MS.

Liquid Chromatography 
Chromatographic analysis was performed using the Thermo Scientific™ Accela™ 600 
HPLC pump and a Thermo Scientific™ Hypersil™ GOLD C18 column (50 x 2.1 mm, 
3 µm particle size) under gradient conditions (Figure 3). Mobile phases A and B 
consisted of 10 mM ammonium formate with 0.1% formic acid in water and methanol, 
respectively. Mobile phase C was acetonitrile:1-propanol:acetone (45:45:10). The total 
run time was 5 minutes.

Mass Spectrometry
MS analysis was carried out on a Thermo Scientific Q Exactive bench-top Orbitrap 
mass spectrometer equipped with a heated electrospray ionization (HESI-II) probe 
(Figure 5). The Q Exactive was operated in t-MS2 mode at a resolution of 17,500 
(@m/z=200). Exact masses, collision energies and fragment ions are listed in Figure 6.
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Results
MDPV, methylone, mephedrone, methedrone, ethylone and butylone were all linear 
from 0.5 to 1000 ng/mL. Figure 7 shows representative calibration curves for all 
compounds. Figure 8 shows representative chromatogram at 0.5 ng/mL for all 
compounds tested. Inter-assay quality control statistics shown in Figure 9 demonstrate 
the method to be reproducible across the calibration range for the above compounds. 
Limited matrix effects were seen for the above compounds, and those were largely 
mediated by deuterated internal standards. The absolute recoveries of all cathinones
tested in various lots of urine compared to a sample prepared in water ranged from 
89% to 163%. Relative recoveries ranged from 105% to 136%. Precision across all 
lots also improved when deuterated internal standards were used.

FIGURE 1. Structures of designer cathinones
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Methods
Method Development
This assay was originally developed as a urine dilution method. When a lower limit of 
quantitation (LOQ) was desired, liquid/liquid extraction was developed to concentrate 
the samples. Initial experiments showed good linearity and detection limits, but also  
low recovery and highly variable internal standard responses. To investigate and 
mediate the possible loss of analytes during the evaporation step, the following 
experiments were performed:  1 & 2) Evaporate samples for either 15 minutes or 
60 minutes; 3 & 4) Add 20 µL of DMSO to the tubes before evaporation to prevent 
samples from evaporating to dryness, again for 15 or 60 minutes; 5) Add 20 µL DMSO 
to tubes after evaporation to determine if solubility is an issue; and 6) Spike a blank 
processed sample with analytes after evaporation as 100% recovery. Results shown in 
Figure 2 indicate that evaporation time is critical, especially for mephedrone, the 
smallest molecule tested, and solubility might be an issue for naphyrone.
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Conclusion
We achieved our goal of a 0.5-ng/mL LOQ for the three newly-regulated cathinones, 
MDPV, mephedrone and methylone, as well as methylone, ethylone and butylone in 
urine. Naphyrone, which shows greater variability, can be detected down to 0.5 ng/mL
in a qualitative manner. Deuterated internal standards are essential for rigorous 
quantitation of these compounds. 

For Forensic Toxicology use only.

Overview
Purpose: To develop an HPLC-MS method for the forensic toxicological analysis of the 
three Schedule I cathinones: MDPV, methylone and mephedrone, as well as other 
substituted cathinones: methedrone, ethylone, butylone and naphyrone in urine with 
limits of quantitation (LOQs) of 0.5 ng/mL.

Methods: Liquid/liquid extraction followed by HPLC/MS/MS analysis on a Thermo 
Scientific™ Q Exactive™ benchtop Orbitrap mass spectrometer.

Results: We achieved LOQs of 0.5 ng/mL with good reproducibility and accuracy for 
MDPV, mephedrone, methylone, methylone, ethylone and butylone. Naphyrone
showed more variability  and is considered qualitative using this method.

Introduction
Substituted cathinones, or “Bath Salts,” have become the latest abused designer 
drugs. Based on cathinone, a substance found in the African Catha edulis (khat) plant, 
substituted cathinones are stimulants with amphetamine- and cocaine-like effects. As 
with many designer drugs classes, variations on base structure abound (Figure 1). On 
October 21, 2011 the United States Drug Enforcement Agency (US DEA) listed three of 
the most common chemicals – methylenedioxy pyrovalerone (MDPV), methylone and 
mephedrone – as Schedule I drugs, thereby making them illegal. As these drugs are 
not detected by current ELISA drug screening tests, new methods are needed to detect 
and quantitate these compounds.

FIGURE 3. HPLC gradient for 
cathinone analysis.

FIGURE 4. Mass spectrometer 
source conditions.

Data Analysis
Data acquisition and processing were performed using Thermo Scientific™ 
TraceFinder™ software.

Validation
Standard curves were prepared by fortifying pooled blank human urine with analytes. 
Quality control (QC) samples were prepared in a similar manner at low (LQC), middle 
(MQC) and high (HQC) concentrations. Intra-run variability and robustness were 
determined by processing six replicates of each QC level along with a calibration curve 
as outlined in the Sample Preparation section on three different days. Matrix effects 
were investigated by comparing peak areas of analyte at 10 ng/mL, and internal 
standard prepared in 12 different lots of urine to those of a sample prepared in water.
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FIGURE 8. Representative chromatogram of cathinones at 0.5 ng/mL in urine 
reconstructed at 5 ppm mass accuracy.

FIGURE 2. Results for method development experiments to determine effects of 
evaporation step in sample processing. P = plain tubes after -15 and -60 min 
evaporation; DMSO = tubes with DMSO added prior to -15 and -60 min 
evaporation; PD = evaporated without DMSO, add DMSO after 15 min 
evaporation; Spike = compounds spiked after 15 min evaporation

FIGURE 9. Inter-assay QC results

Although naphyrone was detected at 0.5 ng/mL, it showed more variability than the 
other compounds and a greater matrix effect from lot to lot. Absolute recoveries for 
naphyrone ranged from 146% to 754% while relative recoveries using MDPV-d8 as 
internal standard ranged from 150% to 596%. All available internal standards were 
tried, and MDPV-d8 showed the best results. A lack of a deuterated analog for 
naphyrone does not allow for matrix effect corrections and negatively effects method 
precision. In this assay, naphyrone should be considered qualitative.

Parameter Value
Sheath Gas 35
Aux gas 15
Sweep gas 1
Discharge current 4
Capillary temp 320
S-Lens RF Level 60
Vaporizer Temp 350

Analyte m/z NCE Quantifier m/z Qualifier m/z
Mephedrone 178.1226 35% 160.1119 145.0885
Mephedrone-d3 181.1415 35% 163.1306 148.1072
Methylone 208.0968 35% 160.0756 190.0861
Methylone-d3 211.1156 35% 163.0943 193.1049
MDPV 276.1594 60% 126.1278 135.0440
MDPV-d8 284.2096 60% 134.1779 135.0440
Naphyrone 282.1852 45% 141.0697 211.1115
Ethylone 222.1125 45% 174.0911 204.1016
Ethylone-d5 227.1438 45% 179.1224 209.1329
Butylone 222.1125 45% 174.0912 204.1017
Butylone-d3 225.1313 45% 177.1099 207.1205
Methedrone 194.1176 35% 176.1069 161.0834
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FIGURE 6. Exact masses and normalized collision energies (NCE) for cathinones

FIGURE 5. Diagram of Q Exactive Mass Spectrometer
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FIGURE 7. Representative calibration curves of cathinones in urine.
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Sample Preparation
Deuterated internal standards were available for all compounds except methedrone 
and naphyrone. Butylone-d3 was used as internal standard for methedrone and 
MDPV-d8 was used for naphyrone. Samples preparation is a liquid-liquid extraction 
(LLE). 200 µL of urine and 10 µL of internal standard mix solution (2 µg/mL of each 
deuterated IS) were basified with 100 µL of 1 N NaOH. Extraction was performed by 
adding 1 mL of ethylacetate:hexane (1:1), mixing and centrifuging. 800 µL of the 
resulting supernatant was transferred to a clean test tube containing 20 µL of DMSO to 
prevent complete evaporation of solvent. Analytes are small and slightly volatile, and 
will evaporate if left too long in the evaporator. Solvent was evaporated at 37 °C under 
nitrogen for 15 minutes. 200 µL of 5% methanol was added, mixed and transferred to 
an HPLC vial with limited-volume insert. 20 µL was then injected onto HPLC-MS.

Liquid Chromatography 
Chromatographic analysis was performed using the Thermo Scientific™ Accela™ 600 
HPLC pump and a Thermo Scientific™ Hypersil™ GOLD C18 column (50 x 2.1 mm, 
3 µm particle size) under gradient conditions (Figure 3). Mobile phases A and B 
consisted of 10 mM ammonium formate with 0.1% formic acid in water and methanol, 
respectively. Mobile phase C was acetonitrile:1-propanol:acetone (45:45:10). The total 
run time was 5 minutes.

Mass Spectrometry
MS analysis was carried out on a Thermo Scientific Q Exactive bench-top Orbitrap 
mass spectrometer equipped with a heated electrospray ionization (HESI-II) probe 
(Figure 5). The Q Exactive was operated in t-MS2 mode at a resolution of 17,500 
(@m/z=200). Exact masses, collision energies and fragment ions are listed in Figure 6.
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Results
MDPV, methylone, mephedrone, methedrone, ethylone and butylone were all linear 
from 0.5 to 1000 ng/mL. Figure 7 shows representative calibration curves for all 
compounds. Figure 8 shows representative chromatogram at 0.5 ng/mL for all 
compounds tested. Inter-assay quality control statistics shown in Figure 9 demonstrate 
the method to be reproducible across the calibration range for the above compounds. 
Limited matrix effects were seen for the above compounds, and those were largely 
mediated by deuterated internal standards. The absolute recoveries of all cathinones
tested in various lots of urine compared to a sample prepared in water ranged from 
89% to 163%. Relative recoveries ranged from 105% to 136%. Precision across all 
lots also improved when deuterated internal standards were used.

FIGURE 1. Structures of designer cathinones
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Methods
Method Development
This assay was originally developed as a urine dilution method. When a lower limit of 
quantitation (LOQ) was desired, liquid/liquid extraction was developed to concentrate 
the samples. Initial experiments showed good linearity and detection limits, but also  
low recovery and highly variable internal standard responses. To investigate and 
mediate the possible loss of analytes during the evaporation step, the following 
experiments were performed:  1 & 2) Evaporate samples for either 15 minutes or 
60 minutes; 3 & 4) Add 20 µL of DMSO to the tubes before evaporation to prevent 
samples from evaporating to dryness, again for 15 or 60 minutes; 5) Add 20 µL DMSO 
to tubes after evaporation to determine if solubility is an issue; and 6) Spike a blank 
processed sample with analytes after evaporation as 100% recovery. Results shown in 
Figure 2 indicate that evaporation time is critical, especially for mephedrone, the 
smallest molecule tested, and solubility might be an issue for naphyrone.

Quantitation of Seven Designer Cathinones in Urine Using Q Exactive Mass Spectrometer
Marta Kozak¹, Kristine Van Natta¹, Shijun Sheng²
¹Thermo Fisher Scientific, San Jose, CA, USA
²Thermo Fisher Scientific, Franklin, MA, USA

Conclusion
We achieved our goal of a 0.5-ng/mL LOQ for the three newly-regulated cathinones, 
MDPV, mephedrone and methylone, as well as methylone, ethylone and butylone in 
urine. Naphyrone, which shows greater variability, can be detected down to 0.5 ng/mL
in a qualitative manner. Deuterated internal standards are essential for rigorous 
quantitation of these compounds. 

For Forensic Toxicology use only.

Overview
Purpose: To develop an HPLC-MS method for the forensic toxicological analysis of the 
three Schedule I cathinones: MDPV, methylone and mephedrone, as well as other 
substituted cathinones: methedrone, ethylone, butylone and naphyrone in urine with 
limits of quantitation (LOQs) of 0.5 ng/mL.

Methods: Liquid/liquid extraction followed by HPLC/MS/MS analysis on a Thermo 
Scientific™ Q Exactive™ benchtop Orbitrap mass spectrometer.

Results: We achieved LOQs of 0.5 ng/mL with good reproducibility and accuracy for 
MDPV, mephedrone, methylone, methylone, ethylone and butylone. Naphyrone
showed more variability  and is considered qualitative using this method.

Introduction
Substituted cathinones, or “Bath Salts,” have become the latest abused designer 
drugs. Based on cathinone, a substance found in the African Catha edulis (khat) plant, 
substituted cathinones are stimulants with amphetamine- and cocaine-like effects. As 
with many designer drugs classes, variations on base structure abound (Figure 1). On 
October 21, 2011 the United States Drug Enforcement Agency (US DEA) listed three of 
the most common chemicals – methylenedioxy pyrovalerone (MDPV), methylone and 
mephedrone – as Schedule I drugs, thereby making them illegal. As these drugs are 
not detected by current ELISA drug screening tests, new methods are needed to detect 
and quantitate these compounds.

FIGURE 3. HPLC gradient for 
cathinone analysis.

FIGURE 4. Mass spectrometer 
source conditions.

Data Analysis
Data acquisition and processing were performed using Thermo Scientific™ 
TraceFinder™ software.

Validation
Standard curves were prepared by fortifying pooled blank human urine with analytes. 
Quality control (QC) samples were prepared in a similar manner at low (LQC), middle 
(MQC) and high (HQC) concentrations. Intra-run variability and robustness were 
determined by processing six replicates of each QC level along with a calibration curve 
as outlined in the Sample Preparation section on three different days. Matrix effects 
were investigated by comparing peak areas of analyte at 10 ng/mL, and internal 
standard prepared in 12 different lots of urine to those of a sample prepared in water.

All trademarks are the property of Thermo Fisher Scientific and its subsidiaries.

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Representative chromatogram of cathinones at 0.5 ng/mL in urine 
reconstructed at 5 ppm mass accuracy.

FIGURE 2. Results for method development experiments to determine effects of 
evaporation step in sample processing. P = plain tubes after -15 and -60 min 
evaporation; DMSO = tubes with DMSO added prior to -15 and -60 min 
evaporation; PD = evaporated without DMSO, add DMSO after 15 min 
evaporation; Spike = compounds spiked after 15 min evaporation

FIGURE 9. Inter-assay QC results

Although naphyrone was detected at 0.5 ng/mL, it showed more variability than the 
other compounds and a greater matrix effect from lot to lot. Absolute recoveries for 
naphyrone ranged from 146% to 754% while relative recoveries using MDPV-d8 as 
internal standard ranged from 150% to 596%. All available internal standards were 
tried, and MDPV-d8 showed the best results. A lack of a deuterated analog for 
naphyrone does not allow for matrix effect corrections and negatively effects method 
precision. In this assay, naphyrone should be considered qualitative.

Parameter Value
Sheath Gas 35
Aux gas 15
Sweep gas 1
Discharge current 4
Capillary temp 320
S-Lens RF Level 60
Vaporizer Temp 350

Analyte m/z NCE Quantifier m/z Qualifier m/z
Mephedrone 178.1226 35% 160.1119 145.0885
Mephedrone-d3 181.1415 35% 163.1306 148.1072
Methylone 208.0968 35% 160.0756 190.0861
Methylone-d3 211.1156 35% 163.0943 193.1049
MDPV 276.1594 60% 126.1278 135.0440
MDPV-d8 284.2096 60% 134.1779 135.0440
Naphyrone 282.1852 45% 141.0697 211.1115
Ethylone 222.1125 45% 174.0911 204.1016
Ethylone-d5 227.1438 45% 179.1224 209.1329
Butylone 222.1125 45% 174.0912 204.1017
Butylone-d3 225.1313 45% 177.1099 207.1205
Methedrone 194.1176 35% 176.1069 161.0834

butylone ethylone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.28 26.0 99.0 2.31 25.9 99.6
%Bias -8.7 4.1 -1.0 -7.4 3.4 -0.4
%CV 3.7 3.8 4.4 3.4 3.0 1.7

MDPV mephedrone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.30 25.7 98.4 2.38 26.7 97.8
%Bias -8.1 2.9 -1.5 -4.7 6.8 -2.2
%CV 5.8 6.3 5.1 7.1 1.9 2.7

methedrone methylone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.49 28.1 105 2.34 26.1 99.6
%Bias -0.3 12.5 5.0 -6.5 4.6 -0.4
%CV 4.4 6.4 3.1 5.1 1.8 3.1

naphyrone
LQC

2.5 ng/mL
MQC

25 ng/mL
HQC

100 ng/mL
Mean 2.55 22.9 103
%Bias 2.1 -8.3 3.0
%CV 22 8.5 5.2

Time 
(min) %A %B %C Flow 

(µL/min)
0 90 10 0 500

0.15 90 10 0 500
2.15 5 95 0 500
2.45 5 95 0 500
2.46 0 0 100 500
3.30 0 0 100 500
3.31 90 10 0 500
5.00 90 10 0 500
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FIGURE 6. Exact masses and normalized collision energies (NCE) for cathinones

FIGURE 5. Diagram of Q Exactive Mass Spectrometer
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FIGURE 7. Representative calibration curves of cathinones in urine.
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Sample Preparation
Deuterated internal standards were available for all compounds except methedrone 
and naphyrone. Butylone-d3 was used as internal standard for methedrone and 
MDPV-d8 was used for naphyrone. Samples preparation is a liquid-liquid extraction 
(LLE). 200 µL of urine and 10 µL of internal standard mix solution (2 µg/mL of each 
deuterated IS) were basified with 100 µL of 1 N NaOH. Extraction was performed by 
adding 1 mL of ethylacetate:hexane (1:1), mixing and centrifuging. 800 µL of the 
resulting supernatant was transferred to a clean test tube containing 20 µL of DMSO to 
prevent complete evaporation of solvent. Analytes are small and slightly volatile, and 
will evaporate if left too long in the evaporator. Solvent was evaporated at 37 °C under 
nitrogen for 15 minutes. 200 µL of 5% methanol was added, mixed and transferred to 
an HPLC vial with limited-volume insert. 20 µL was then injected onto HPLC-MS.

Liquid Chromatography 
Chromatographic analysis was performed using the Thermo Scientific™ Accela™ 600 
HPLC pump and a Thermo Scientific™ Hypersil™ GOLD C18 column (50 x 2.1 mm, 
3 µm particle size) under gradient conditions (Figure 3). Mobile phases A and B 
consisted of 10 mM ammonium formate with 0.1% formic acid in water and methanol, 
respectively. Mobile phase C was acetonitrile:1-propanol:acetone (45:45:10). The total 
run time was 5 minutes.

Mass Spectrometry
MS analysis was carried out on a Thermo Scientific Q Exactive bench-top Orbitrap 
mass spectrometer equipped with a heated electrospray ionization (HESI-II) probe 
(Figure 5). The Q Exactive was operated in t-MS2 mode at a resolution of 17,500 
(@m/z=200). Exact masses, collision energies and fragment ions are listed in Figure 6.
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Results
MDPV, methylone, mephedrone, methedrone, ethylone and butylone were all linear 
from 0.5 to 1000 ng/mL. Figure 7 shows representative calibration curves for all 
compounds. Figure 8 shows representative chromatogram at 0.5 ng/mL for all 
compounds tested. Inter-assay quality control statistics shown in Figure 9 demonstrate 
the method to be reproducible across the calibration range for the above compounds. 
Limited matrix effects were seen for the above compounds, and those were largely 
mediated by deuterated internal standards. The absolute recoveries of all cathinones
tested in various lots of urine compared to a sample prepared in water ranged from 
89% to 163%. Relative recoveries ranged from 105% to 136%. Precision across all 
lots also improved when deuterated internal standards were used.

FIGURE 1. Structures of designer cathinones
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Simultaneous Quantitation of 43 Drugs in 
Human Urine with a “Dilute-and-Shoot” 
LC-MS/MS Method 
Xiang He and Marta Kozak, Thermo Fisher Scientific, San Jose, CA
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Goal
The goal of this work was to develop a simple “dilute-and-shoot” liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) method for the 
simultaneous quantitation of 43 drugs of abuse, including pain management 
drugs, in human urine for forensic toxicology purposes. The drugs to be 
analyzed included opioids, amphetamines, benzodiazepines, cocaine, 
buprenorphine, methadone, and some of their metabolites. An additional 
objective was to use ultra-high-pressure liquid chromatography (UHPLC) 
to improve throughput and sensitivity of the method.

Introduction
LC-MS/MS has become more accepted as the tool for 
quantitative analysis of drugs in forensic toxicology 
laboratories. This technique enables simultaneous 
detection of multiple analytes of interests and is 
compatible with a simple “dilute-and-shoot” sample 
preparation method for urine samples.

Methods
Sample Preparation
Nine individual human urine and pure water samples 
were spiked with 20 and 200 ng/mL of the 43 drugs of 
abuse, pain management drugs, and with internal 
standards (IS). The samples were then mixed with 
β-glucuronidase and incubated at 60 °C for hydrolysis. 
Methanol was added to the mixture and the supernatant 
was diluted with water. The final dilution factor was 20. 
The mixture was centrifuged at 17,000 g for 5 minutes. 
Fifty microliter injections of the supernatant were analyzed 
by LC-MS/MS.

Blank human urine was used as the matrix for calibration 
samples. The concentrations of the calibrators were 1, 2, 
5, 10, 20, 50, 100, 200, 500, and 1000 ng/mL. 
Concentration of the internal standards in all samples was 
250 ng/mL.

LC-MS/MS Conditions
LC-MS/MS analysis was performed on a Thermo Scientific™ 
Accela™ 1250 pump and Accela Open autosampler 
coupled to a Thermo Scientific TSQ Quantum Access 
MAX™ triple stage quadrupole mass spectrometer. The 
analytical column was a Thermo Scientific Accucore™ PFP 
column (50 × 2.1 mm, 2.6 µm particle size) maintained at 
room temperature. Details of the LC gradient and mobile 
phases (MP) are as follows: 

Time	 Flow rate	 Gradient	 MPA	 MPB	 MPC 
(min) 	 (mL/min) 		  (%)	 (%)	 (%)

0.00	 0.75	 Step	 95	 5	 0

0.50	 0.75	 Ramp	 60	 40	 0

2.60	 0.75	 Ramp	 5	 95	 0

4.50	 1.00	 Step	 0	 100	 0

5.50	 1.00	 Step	 0	 0	 100

5.75	 1.00	 Step	 95	 5	 0

MPA: 10 mM NH
4
Ac and 0.1% formic acid in water 

MPB: 10 mM NH
4
Ac and 0.1% formic acid in methanol 

MPC: acetonitrile/isopropanol/acetone 9:9:2 (v/v/v)

The mass spectrometer was operated with a heated 
electrospray ionization (HESI-II) source in positive 
ionization mode. The MS conditions were as follows: 

Spray voltage (V)	 4000

Vaporizer temperature (°C)	 300

Sheath gas pressure (arbitrary units)	 50

Auxiliary gas pressure (arbitrary units)	 15

Capillary temperature (°C)	 300

http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=453043&ft=1
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Blue Background



2 Data were acquired in selected-reaction monitoring 
(SRM) mode. SRM transitions for the 43 drugs and their 
internal standards are shown in Table 1. For each analyte 
and internal standard, two SRM transitions were 
monitored. One of transition was used as the quantifier 
and the other as the qualifier. The signal ratio between the 
qualifier and the quantifier was used to evaluate the 
validity of the results.

Table 1. Drug analytes, their corresponding internal standards, and the SRM transitions for both analytes and internal standards

Validation
The validation procedure included tests for the following: 
1) matrix effects; 2) lower limit of quantitation (LLOQ), 
linear range, accuracy, and precision; and 3) carryover.

Analyte
Precursor 

Ion  
(m/z)

Quantifier 
Ion 

(m/z)

Qualifier 
Ion 

(m/z)

Ion 
Ratio 
(%)

Corresponding 
Internal 

Standard

Precursor 
Ion  

(m/z)

Quantifier 
Ion 

(m/z)

Qualifier 
Ion 

(m/z)

6-MAM 328.10 165.10 211.00 86.0 6-MAM-d3 331.20 165.10 211.10

7-Amino-clonazepam 286.00 222.10 250.10 95.0 7-Amino-clonazepam-d4 290.11 226.10 254.10

7-Amino-flunitrazepam 284.10 135.10 226.10 52.0 7-Amino-flunitrazepam-d7 291.11 138.20 230.10

7-Aminonitrazepam 252.10 121.10 224.10 16.0 7-Amino-clonazepam-d4 290.11 226.10 254.10

a-Hydroxy-alprazolam 325.10 216.10 297.10 52.0 α-Hydroxy-alprazolam-d5 330.10 221.10 302.10

Alprazolam 309.40 205.00 281.00 76.0 Temazepam-d5 306.10 260.10 288.10

Amphetamine 136.10 65.30 91.20 10.0 Amphetamine-d5 141.10 92.20 93.20

Benzoylecgonine 290.10 105.10 168.10 30.0 Benzoylecgonine-d3 293.10 105.10 171.10

Benzylpiperazine 177.10 65.30 91.20 16.0 Benzylpiperazine-d7 184.10 70.20 98.20

Buprenorphine 468.30 396.30 414.30 120.0 Diazepam-d5 290.12 198.10 227.10

Carisprodol 261.20 62.10 97.10 58.5 α-Hydroxy-alprazolam-d5 330.10 221.10 302.10

Clonazepam 315.90 214.00 270.00 26.6 Temazepam-d5 306.10 260.10 288.10

Cocaine 304.10 82.20 182.10 17.0 Amphetamine-d5 141.10 92.20 93.20

Codeine 300.10 165.00 215.00 91.0 Codeine-d3 303.20 165.10 215.10

Diazepam 285.10 193.10 222.10 72.0 Diazepam-d5 290.12 198.10 227.10

EDDP 279.20 235.20 250.20 54.5 Temazepam-d5 306.10 260.10 288.10

Fentanyl 337.20 105.20 188.20 67.0 Temazepam-d5 306.10 260.10 288.10

Flunitrazepam 314.40 239.10 268.10 32.5 Temazepam-d5 306.10 260.10 288.10

Flurazepam 388.10 288.10 315.10 11.5 Temazepam-d5 306.10 260.10 288.10

Hydrocodone 300.20 171.00 199.00 34.5 MDA-d5 185.10 110.20 137.10

Hydromorphone 286.11 157.10 185.10 64.0 Benzylpiperazine-d7 184.10 70.20 98.20

Lorazepam 321.00 275.00 303.00 64.0 α-Hydroxy-alprazolam-d5 330.10 221.10 302.10

MDA 180.10 105.20 135.10 79.0 MDA-d5 185.10 110.20 137.10

MDEA 208.10 135.10 163.00 24.0 Nordiazepam-d5 276.10 165.00 213.10

MDMA 194.10 135.10 163.10 40.0 MDMA-d5 199.10 135.10 165.10

Meperidine 248.20 174.20 220.10 28.0 Diazepam-d5 290.12 198.10 227.10

Methadone 310.20 105.10 265.10 29.0 Diazepam-d5 290.12 198.10 227.10

Methamphetamine 150.10 65.30 91.20 9.5 Methamphetamine-d5 155.10 91.20 92.20

Midazolam 326.10 249.20 291.20 28.0 Diazepam-d5 290.12 198.10 227.10

Morphine 286.10 152.10 165.00 78.0 Morphine-d3 289.10 152.10 165.10

Naloxone 328.21 212.00 310.10 23.0 7-Amino-clonazepam-d4 290.11 226.10 254.10

Naltrexone 342.20 270.10 324.20 16.0 MDA-d5 185.10 110.20 137.10

Norbuprenorphine 414.30 187.10 340.30 99.0 Temazepam-d5 306.10 260.10 288.10

Nordiazepam 271.00 140.10 208.10 100.5 Nordiazepam-d5 276.10 165.00 213.10

Norfentanyl 233.20 55.30 84.30 16.0 MDMA-d5 199.10 135.10 165.10

Normeperidine 234.20 111.10 160.10 0.3 Temazepam-d5 306.10 260.10 288.10

Oxazepam 287.00 241.00 269.00 82.0 Oxazepam-d5 292.10 246.10 274.10

Oxycodone 316.20 241.20 298.20 22.5 Benzoylecgonine-d3 293.10 105.10 171.10

Oxymorphone 302.10 227.10 284.20 35.0 7-Amino-clonazepam-d4 290.11 226.10 254.10

PCP 244.20 86.20 159.10 84.5 Diazepam-d5 290.12 198.10 227.10

Propoxyphene 340.20 58.20 91.10 15.0 Diazepam-d5 290.12 198.10 227.10

Temazepam 301.00 255.00 283.00 36.0 Temazepam-d5 306.10 260.10 288.10

Tramadol 264.20 58.30 246.10 3.0 Temazepam-d5 306.10 260.10 288.10



3Results and Discussion
Matrix Effects
Matrix effects were assessed with the nine individual human 
urine samples. Absolute recovery was determined by 
comparing the signals of unlabeled drugs in urine and 
water samples. Relative recovery was determined by 
comparing the analyte/IS ratio in urine and water samples. 
The recovery/matrix effects results are summarized in 

Table 2. All 43 drugs had almost full absolute recovery 
(between 80% and 120%), except morphine for which 
the matrix effect was compensated by the use of its 
internal standard, morphine-d3. The observed precision 
from the nine individual human urine samples was below 
15% for most of the 43 drugs.

Average Absolute 
Recovery (%, n=9)

CV 
(%, n=9)

Average Relative 
Recovery (%, n=9)

CV 
(%, n=9)

Drug
20 

ng/mL
200 

ng/mL
20 

ng/mL
200 

ng/mL
20 

ng/mL
200 

ng/mL
20 

ng/mL
200 

ng/mL

6-MAM 86.7 92.3 16.2 12.2 95.1 100.2 5.6 5.7

7-Amino-clonazepam 96.4 108.4 11.0 11.6 90.3 103.7 6.1 5.8

7-Amino-flunitrazepam 86.8 90.5 11.4 8.4 97.1 102.1 6.3 5.1

7-Aminonitrazepam 86.0 85.5 12.3 9.6 80.6 81.9 9.9 8.2

a-Hydroxy-alprazolam 87.4 87.4 12.9 6.7 99.4 96.2 10.4 4.1

Alprazolam 94.0 89.1 26.0 16.6 95.1 84.8 22.9 13.9

Amphetamine 109.5 112.3 11.8 8.0 112.4 110.8 16.7 3.8

Benzoylecgonine 82.7 85.7 13.0 12.7 98.7 100.9 4.6 3.6

Benzylpiperazine 87.3 85.4 10.0 7.2 100.4 100.6 8.7 7.5

Buprenorphine 108.4 96.9 15.0 6.2 118.1 97.2 14.6 5.4

Carisprodol 88.0 96.3 13.1 11.0 100.5 105.8 13.6 8.4

Clonazepam 100.7 98.4 9.5 6.9 103.4 94.4 13.6 9.5

Cocaine 93.6 93.5 7.4 8.2 95.5 92.2 5.3 5.0

Codeine 93.9 98.9 8.6 8.2 99.3 98.0 3.3 7.2

Diazepam 98.0 96.6 14.0 9.1 106.5 96.7 11.7 6.5

EDDP 103.8 99.2 6.8 2.9 106.8 95.0 13.7 6.2

Fentanyl 98.6 100.9 4.1 2.8 101.4 96.7 10.7 5.8

Flunitrazepam 85.7 86.9 18.8 14.7 87.1 82.9 14.6 12.1

Flurazepam 97.5 103.1 4.2 3.9 100.2 98.8 11.7 5.8

Hydrocodone 91.5 96.4 15.1 13.5 95.2 97.9 7.8 9.6

Hydromorphone 91.2 94.5 11.0 10.4 104.6 110.8 7.2 5.4

Lorazepam 105.7 90.5 16.5 6.0 120.7 99.7 17.2 5.7

MDA 96.6 105.8 16.1 9.6 100.6 107.9 8.7 6.4

MDEA 95.6 94.0 11.8 10.1 99.0 82.8 9.7 10.6

MDMA 92.3 94.3 9.3 7.8 106.1 102.4 2.4 4.1

Meperidine 88.4 88.4 9.8 9.9 96.2 88.5 7.4 7.8

Methadone 101.6 103.2 3.2 3.4 111.1 103.6 8.9 5.4

Methamphetamine 94.6 86.2 12.3 11.1 105.5 94.1 8.4 5.6

Midazolam 98.4 97.4 9.5 5.5 107.1 97.6 6.0 3.5

Morphine 48.1 53.8 6.0 8.2 90.5 98.4 6.9 5.4

Naloxone 124.2 129.4 17.9 16.1 116.1 123.5 9.9 7.7

Naltrexone 96.1 100.2 12.6 10.9 100.3 101.9 5.2 6.1

Norbuprenorphine 76.9 104.6 19.4 14.2 78.9 99.9 20.4 11.6

Nordiazepam 102.8 107.1 21.3 7.3 106.3 94.2 19.8 7.5

Norfentanyl 89.5 92.2 11.4 8.2 103.2 100.1 12.4 4.5

Normeperidine 81.7 92.0 11.9 11.6 83.1 87.7 7.8 8.4

Oxazepam 93.8 91.3 10.8 5.1 113.4 102.1 6.8 4.7

Oxycodone 80.4 84.7 8.8 10.9 97.0 100.1 9.7 6.1

Oxymorphone 107.0 101.4 15.2 12.9 100.1 97.0 8.2 9.0

PCP 100.8 100.5 4.2 4.3 110.3 100.9 8.8 5.1

Propoxyphene 101.3 103.8 6.8 5.8 111.2 104.1 15.3 4.4

Temazepam 95.3 102.2 14.2 7.1 97.3 97.7 12.3 4.6

Tramadol 77.8 84.8 14.1 12.9 78.9 80.8 10.1 10.4

Table 2. Summary of matrix effects



4

accuracy ranged between 89.9% and 118.4%, and 
precision ranged between 3.6% and 19.5%. The method 
was linear to 1000 ng/mL for all the drugs. Figure 1 shows 
the calibration curves of six typical pain management 
drugs in human urine. 

Lower Limit of Quantitation, Linear Range, 
Accuracy, and Precision
The LLOQ of these 43 drugs and other aspects of analytical 
performances of this method are summarized in Table 3. 
Linear fit with 1/X weighting was used for calibration 
curves of all the 43 drugs. The LLOQ for these 43 drugs 
was determined to be between 2 and 20 ng/mL except for 
tramadol, which was 50 ng/mL. At the LLOQ, the 

Table 3.  Lower limit of quantitation, linear range, accuracy, and precision

Drug
Retention 

Time 
(min)

LLOQ 
(ng/mL)

Accuracy at 
LLOQ 

(%, n=4)

CV at LLOQ 
(%, n=4)

Linear Range 
(ng/mL) R2

Precision 
20 ng/mL 
(%, n=6)

Precision 
200 ng/mL 
(%, n=6)

6-MAM 2.97 2 95.0 14.6 2–1000 0.9955 5.8 2.8

7-Amino-clonazepam 2.76 5 95.1 10.1 5–1000 0.9988 3.4 4.0

7-Amino-flunitrazepam 3.31 5 101.0 13.7 5–1000 0.9980 5.3 4.0

7-Aminonitrazepam 2.51 2 102.0 9.6 2–1000 0.9972 3.7 3.2

a-Hydroxy-alprazolam 3.87 20 94.0 10.0 20–1000 0.9972 6.9 5.9

Alprazolam 4.11 5 94.1 13.1 5–1000 0.9950 2.7 1.2

Amphetamine 2.97 20 94.9 7.7 20–1000 0.9944 5.4 5.5

Benzoylecgonine 2.99 5 92.3 3.6 5–1000 0.9990 2.7 2.0

Benzylpiperazine 2.70 10 96.0 10.4 10–1000 0.9979 9.5 5.0

Buprenorphine 4.50 20 94.7 17.3 20–1000 0.9976 6.0 6.1

Carisprodol 3.80 10 104.5 11.3 10–1000 0.9903 9.5 6.3

Clonazepam 4.00 20 92.7 7.7 20–1000 0.9954 9.1 6.1

Cocaine 4.23 5 101.2 7.4 5–1000 0.9969 4.0 3.7

Codeine 2.82 10 110.4 18.3 10–1000 0.9978 6.6 3.8

Diazepam 4.24 5 93.0 11.9 5–1000 0.9979 7.0 3.4

EDDP 4.90 10 106.5 3.9 10–1000 0.9944 4.5 2.2

Fentanyl 4.62 2 108.9 3.7 2–1000 0.9975 4.8 1.8

Flunitrazepam 4.12 20 93.7 17.2 20–1000 0.9904 6.4 4.4

Flurazepam 4.57 2 118.4 3.6 2–1000 0.9961 4.9 2.4

Hydrocodone 3.16 2 106.6 9.6 2–1000 0.9988 7.8 2.8

Hydromorphone 2.25 2 89.9 13.2 2–1000 0.9979 8.2 3.1

Lorazepam 3.86 20 92.5 17.3 20–1000 0.9943 2.2 9.6

MDA 3.16 10 93.1 6.8 10–1000 0.9974 1.1 3.1

MDEA 3.97 2 104.3 4.5 2–1000 0.9937 7.5 4.4

MDMA 3.61 5 97.3 4.3 5–1000 0.9975 7.6 2.2

Meperidine 4.20 5 101.2 9.6 5–1000 0.9986 5.5 4.6

Methadone 4.95 5 100.3 3.8 5–1000 0.9982 4.2 3.0

Methamphetamine 3.51 5 106.0 5.1 5–1000 0.9979 5.0 4.0

Midazolam 4.48 2 117.1 12.7 2–1000 0.9983 7.0 4.3

Morphine 1.71 5 93.0 13.6 5–1000 0.9990 5.0 3.3

Naloxone 2.86 10 102.3 10.9 10–1000 0.9944 3.3 2.9

Naltrexone 3.11 5 101.9 7.0 5–1000 0.9985 5.1 1.6

Norbuprenorphine 4.13 20 101.4 14.4 20–1000 0.9955 3.9 8.4

Nordiazepam 4.06 10 97.1 19.5 10–1000 0.9948 8.4 3.8

Norfentanyl 3.68 10 102.5 6.3 10–1000 0.9985 7.1 2.3

Normeperidine 4.00 2 116.2 11.2 2–1000 0.9982 7.3 4.2

Oxazepam 3.88 20 108.0 15.0 20–1000 0.9970 10.9 6.4

Oxycodone 3.03 5 91.9 11.7 5–1000 0.9982 2.6 2.3

Oxymorphone 2.01 2 93.3 9.5 2–1000 0.9946 10.0 2.6

PCP 4.83 2 100.9 4.0 2–1000 0.9981 7.8 3.0

Propoxyphene 4.70 10 113.6 4.1 10–1000 0.9978 7.3 5.2

Temazepam 4.05 5 104.6 16.9 5–1000 0.9981 5.6 2.2

Tramadol 4.04 50 98.8 2.5 50–1000 0.9970 NA 2.5
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Method precision was also assessed with spiked human 
urine samples at low and high quality control (QC) 
concentrations of 20 and 200 ng/mL, respectively (Table 2). 
Precision values at low (20 ng/mL) and high (200 ng/mL) 
quality control concentrations ranged between 1.1% and 
10.9% (Table 2). Figure 2 shows both the quantifier and 
qualifier SRM chromatograms of 20 selected pain 
management drugs spiked at 20 ng/mL in human urine.

7-Aminoclonazepam
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Figure 1. Calibration curves of six selected drugs in spiked human urine

Figure 2. SRM chromatograms of 20 selected drugs at 20 ng/mL in spiked human urine
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Carryover
The lowest calibrator was analyzed after the highest 
calibrator. No carryover causing elevated measurements 
of the drugs in the lowest calibrator was observed.

Conclusion
The developed method provides a simple, fast, and sensitive 
way for forensic toxicology labs to simultaneously quantify 
43 drugs of abuse, including pain management drugs, in 
human urine by LC-MS/MS. The method provided LLOQ 
values of 2–20 ng/mL for 42 of the 43 drugs, and was 
linear to 1000 ng/mL. Minimal ion suppression and no 
carryover were observed in matrix samples. At the LLOQ, 
the accuracy ranged between 89.9% and 118.4%. 
Method precision ranged between 1.1% and 10.9% at 
low and high QC samples.
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Goal
To develop a simple, fast, and sensitive LC-MS/MS method for the 
simultaneous quantitation of 19 drugs in human plasma and serum.

Introduction
Liquid chromatography combined with tandem mass 
spectrometry (LC-MS/MS) has become an accepted tool 
for quantitative analysis of drugs in clinical research 
laboratories. LC-MS/MS enables simultaneous, sensitive 
detection and quantitation of multiple analytes of interest. 
In this study, 19 drugs of various types, including 
antipsychotics, antiepileptics/anticonvulsants, antianginals, 
and antidepressants, were monitored and simultaneously 
quantitated using LC-MS/MS.

Experimental

Sample Preparation
Nineteen drugs (Table 1) and 15 isotopically labeled 
internal standards of the drugs were used in this research.

Table 1. Drug analytes

To assess signal recovery and determine the best dilution 
factor, 9 randomly chosen individual human-donor plasma 
samples were spiked with the 19 drugs at 40 ng/mL and 
15 isotopically labeled internal standards at 100 ng/mL. 
These samples were mixed (1:3, v/v) with a 1:1 methanol/
acetonitrile mixture. The samples were vigorously vortexed 
and stored at -30 °C for 30 min. The samples were then 
centrifuged at 17,000 g for 5 min. Supernatant (20 µL) 
was drawn off and diluted 10-fold, 20-fold, and 50-fold 
with 10% methanol in water to final dilution factors of 
40x, 80x, and 200x.

Calibration and linearity standards were prepared by 
spiking a matrix of charcoal-stripped human serum (CSS) 
with the 15 internal standards at 100 ng/mL and the 19 
drug analytes at 4, 10, 20, 40, 100, 200, and 400 ng/mL. 
The samples were processed as above and diluted to a 
final dilution factor of 200x.

For accuracy and precision testing, CSS samples were 
spiked with the 15 isotopically labeled internal standards 
at 100 ng/mL and the 19 drugs at both 40 ng/mL and 
200 ng/mL.  The samples were processed as above and 
diluted to a final dilution factor of 200x.

Also for accuracy and precision testing, 9 individual 
human-donor plasma samples were spiked with the 15 
isotopically labeled internal standards at 100 ng/mL and 
the 19 drugs at 40 ng/mL.  The samples were processed as 
above and diluted to a final dilution factor of 200x.

Analytes

Amitriptyline Dothiepin Nortriptyline

Bromazepam Doxepin Oxazepam

Clobazam Flunitrazepam Perhexilline

Clomipramine Imipramine Temazepam

Clonazepam Lamotrigine Trimipramine

Clozapine Levetiracetam

Diazepam Nitrazepam

http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=448640&ft=1
Cathy
Blue Background



2 Liquid Chromatography
Chromatographic separations were performed with a 
Thermo Scientific Accela 1250 pump and Accela Open 
autosampler. The analytical column was a Thermo 
Scientific Accucore PFP column (50 × 2.1 mm, 2.6 μm 
particle size). The column was maintained at room 
temperature. Details of the LC gradient and information 
on the mobile phases (MP) are shown in Table 2. The 
injection volume was 40 μL.

Table 2. LC gradient

MPA: 10 mM ammonium acetate and 0.1% formic acid in water 
MPB: 10 mM ammonium acetate and 0.1% formic acid in methanol 
MPC: acetonitrile:isopropanol:acetone 9:9:2 (v/v/v)

Mass Spectrometry
MS/MS analysis was performed on a Thermo Scientific 
TSQ Vantage triple stage quadrupole mass spectrometer. 
The mass spectrometer was operated with a heated 
electrospray ionization (HESI-II) source in positive 
ionization mode. The MS conditions were as follows:

Spray voltage (V):	 4000

Vaporizer temperature (°C):	 300

Sheath gas pressure (arbitrary units)	 50

Auxiliary gas pressure (arbitrary units)	 15

Capillary temperature (°C)	 300

Data were acquired in selected-reaction monitoring 
(SRM) mode. Detailed SRM settings for the 19 drugs and 
their internal standards are shown in Table 3. For each 
analyte and internal standard, two SRM transitions were 
monitored. One was used as the quantifier and the other as 
the qualifier. The signal ratio between the qualifier and the 
quantifier was used to evaluate the validity of the results. 
Results that varied by more than 20% of the nominal 
ratio were considered invalid data points.

The validation procedure included tests for: 1) signal 
recovery, 2) lower limit of quantitation (LLOQ) and linear 
range, 3) accuracy and precision, and 4) carryover.

Time (min) Flow rate 
(mL/min) Gradient MPA (%) MPB (%) MPC (%)

0.00 0.4 Step 95 5 0

0.50 0.4 Step 90 10 0

1.50 0.4 Ramp 50 50 0

2.00 0.4 Ramp 5 95 0

6.50 0.4 Step 0 100 0

7.75 0.6 Step 0 0 100

8.00 0.6 Step 95 5 0



3Table 3. SRM settings for the analytes and internal standards

Analyte Precursor 
Ion (m/z)

Quantifier 
Ion (m/z)

Collision 
Energy (V)

Qualifier 
Ion (m/z)

Collision 
Energy (V)

S-Lens 
(V)

Amitriptyline 278.10 202.10 56 233.10 16 74

Bromazepam 316.11 182.10 31 209.10 26 95

Clobazam 301.10 259.10 20 224.10 32 90

Clomipramine 315.10 86.00 17 58.00 35 74

Clonazepam 316.00 270.10 25 214.00 37 101

Clozapine 327.10 270.10 23 192.00 42 94

Diazepam 285.10 193.10 32 154.00 27 88

Dothiepin 296.10 202.10 53 221.10 45 71

Doxepin 280.10 165.10 51 107.00 23 80

Flunitrazepam 314.10 268.10 26 239.10 34 92

Imipramine 281.20 86.00 16 58.00 35 69

Lamotrigine 256.00 211.00 26 109.00 49 89

Levetiracetam 171.10 126.10 14 69.00 28 36

Nitrazepam 282.10 236.10 24 207.10 34 97

Nortriptyline 264.20 233.20 13 91.10 32 66

Oxazepam 287.10 269.10 14 104.10 33 81

Perhexilline 278.20 95.10 28 67.00 34 87

Temazepam 301.11 255.10 22 283.10 13 72

Trimipramine 295.20 100.10 16 58.10 35 71

Internal Standards

Amitriptyline-D3 281.21 91.10 32 233.20 16 85

Clomipramine-D3 318.20 89.10 18 61.10 36 75

Clonazepam-D4 320.10 274.10 26 218.10 35 102

Clozapine-D4 331.20 272.20 25 192.10 45 102

Diazepam-D5 290.10 198.10 31 154.00 26 89

Doxepin-D3 283.20 107.00 23 77.00 46 78

Flunitrazepam-D7 321.10 275.20 26 246.20 35 96

Imipramine-D3 284.20 89.10 16 61.10 35 69

Lamotrigine-13C, 15N4 261.00 214.00 26 109.10 50 104

Levetiracetam-D6 177.10 132.20 14 69.10 30 38

Nitrazepam-D5 287.11 185.10 37 212.10 34 100

Nortriptyline-D3 267.20 91.00 33 233.20 14 66

Oxazepam-D5 292.10 246.10 22 274.10 15 84

Temazepam-D5 306.10 260.10 23 288.10 13 83

Trimipramine-D3 298.20 103.10 16 61.10 35 72
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Table 4. Absolute mean signal recovery of 19 drugs at 40 ng/mL in 
9 human plasma samples diluted 40-fold, 80-fold, and 200-fold, 
as compared to a similarly spiked solvent blank

Analyte 
(40 ng/mL)

Absolute mean signal recovery (%)

n=9 
200x dilution

n=9 
80x dilution

n=9 
40x dilution

Amitriptyline 107.9 53.9 79.4

Bromazepam 125.7 49.7 56.6

Clobazam 78.6 43.4 54.4

Clomipramine 103.6 57.5 84.1

Clonazepam 65.9 36.0 32.3

Clozapine 81.5 60.4 56.7

Diazepam 78.4 45.6 57.9

Dothiepin 124.6 53.4 83.9

Doxepin 110.8 57.4 84.0

Flunitrazepam 77.8 44.1 51.9

Imipramine 107.2 50.6 82.8

Lamotrigine 71.5 45.1 52.8

Levetiracetam 86.7 48.2 58.3

Nitrazepam 77.8 38.4 41.7

Nortriptyline 83.7 44.5 62.2

Oxazepam 74.5 41.9 52.7

Perhexilline 94.9 152.8 190.0

Temazepam 74.7 44.6 55.1

Trimipramine 98.4 49.1 76.4

Results and Discussion

Signal Recovery
Plasma and serum are complex matrices. The matrix 
content in them can significantly affect the detection of 
drugs by ESI MS. Therefore, three different dilution 
factors after protein precipitation (40-fold, 80-fold, and 
200-fold) were compared. The LC-MS/MS signals of the 
analytes in the plasma samples were compared to LC-MS/
MS signals from solvent blanks with the same spikes. The 
200-fold sample dilution produced the best signal recovery 
and minimum ion suppression (Table 4 and Figures 1 and 
2). For all of the subsequent analyses, all samples were 
prepared with a 200-fold final dilution factor.
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Figure 1. Mean signal recovery of 19 drugs at 40 ng/mL in 9 human plasma samples diluted 40-fold, 80-fold, and 
200-fold, as compared to a similarly spiked solvent blank

Figure 2. Mean signal recovery of 15 internal standards at 100 ng/mL in 9 human plasma samples diluted 40-fold, 
80-fold, and 200-fold, as compared to a similarly spiked solvent blank
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Analyte (40 ng/mL) Mean Measured (ng/mL), n=9 Accuracy (%) n=9 Precision (%) n=9

Amitriptyline 47.2 118.1 7.2

Bromazepam 33.7 84.3 18.0

Clobazam 42.8 107.0 15.0

Clomipramine 41.7 104.2 12.9

Clonazepam 41.4 103.4 13.4

Clozapine 38.6 96.4 9.0

Diazepam 37.2 93.1 8.8

Dothiepin 38.3 95.8 8.1

Doxepin 41.2 102.9 18.5

Flunitrazepam 34.8 87.0 7.7

Imipramine 37.4 93.4 6.5

Levetiracetam 40.0 100.1 7.7

Lamotrigine 37.2 93.0 18.2

Nitrazepam 38.9 97.3 7.0

Nortriptyline 36.2 90.5 6.2

Oxazepam 35.3 88.2 7.2

Perhexilline 42.8 106.9 9.6

Temazepam 36.1 90.3 9.1

Trimipramine 35.9 89.8 7.9

Table 7. Accuracy and precision summary for analysis of 19 drugs in 9 individual human-donor plasma samples

Carryover
The lowest calibrator was analyzed after the highest 
calibrator, and we did not observe any carryover causing 
elevated measurements of the drugs in the lowest calibrator.

Conclusion
We have developed a simple, fast, and sensitive LC-MS/MS 
clinical research method for simultaneously quantitation 
of 19 drugs in human plasma. The method had LLOQ 
values of 4–20 ng/mL for all 19 drugs and was linear to 
400 ng/mL. Ion suppression was not observed in matrix 
samples. Accuracy and precision of the method were 
successfully accessed in both CSS and human plasma 
samples.

For Research Use Only. Not for use in diagnostic procedures.
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Figure 1. Microflow LC setup with pre-concentration trapping column

Figure 2. LC gradients of microflow LC with online clean-up

Figure 3. MS source parameters and SRM transitions

Results and Discussion
 
Validation
The validation procedure includes tests for 1) recovery; 
2) lower limit of quantitation (LLOQ), dynamic range, 
accuracy; 3) precision; and 4) carryover. 

Recovery
First, we determined the optimal dilution factor for urine 
sample preparation. Twelve lots of blank human urine 
samples, six lots of donor urine samples, and two water 
samples were spiked with the IS, hydrolyzed, and diluted 
100-, 250- and 500-fold with water. The SRM signals of 
the internal standards from the urine samples and the 
water samples were compared for absolute recovery.  
Table 1 shows the average recoveries (n=18) for the six 
opioids using different dilution factors. Clearly, the 500-fold 
dilution led to the highest recoveries for all six opioids.

We used the 500-fold dilution to determine the recoveries 
for unlabeled opioids spiked into 12 lots of blank urine 
samples. Two concentrations of opioids at 100 and 
500 ng/mL were tested. The absolute recovery was 
determined by comparing the signals of unlabeled opioids 
in urine and water samples. The relative recovery was 
determined by comparing the analyte/IS ratio in urine and 
water samples. The recovery results are summarized in 
Table 2. There was minimum ion suppression for 
morphine, codeine, hydromorphone and hydrocodone. 
Although there was moderate ion suppression for 
oxymorphone and oxycodone even after 500-fold 
dilution, the relative recoveries against their IS were 
nearly 100% in both concentration levels after 
compensation from the IS.

Table 1. Dilution factor test results

Recovery 
(%, n=18) 500x 250x 100x

Morphine-d3 101.2 86.6 85.4

Codeine-d3 99.5 88.0 79.7

Hydromorphone-d6 85.9 73.1 63.7

Hydrocodone-d3 78.0 68.2 67.2

Oxymorphone-d3 59.9 45.1 43.2

Oxycodone-d3 68.2 52.3 42.3
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100 ng/mLa 500 ng/mLa

Analyte Recovery 
(%)

Average 
(%, n=12b)

Standard Deviation 
(%, n=12)

Average 
(%, n=12)

Standard Deviation 
(%, n=12)

Morphine 

  

Absolute 76.4 6.8 78.6 5.4 

Relative 92.1 10.9 96.1 9.6 

Codeine 

  

Absolute 86.5 6.0 89.7 6.2 

Relative 88.7 10.6 95.6 8.2 

Hydromorphone 

  

Absolute 74.4 7.1 73.2 6.6 

Relative 92.8 8.1 89.9 7.0 

Hydrocodone 

  

Absolute 82.6 9.0 71.8 6.7 

Relative 101.9 17.1 83.6 13.4 

Oxymorphone 

  

Absolute 57.5 7.6 57.9 7.0 

Relative 103.7 17.8 103.0 15.1 

Oxycodone 

  

Absolute 63.4 9.9 68.7 8.1 

Relative 90.6 8.5 103.8 8.5 

Table 2. Summary of recoveries with 500-fold dilution

a Two levels of spiked opioids concentrations were tested.
b Twelve different individual urine lots were tested and compared to water samples (n=2).

Lower Limit of Quantitation (LLOQ), Dynamic 
Range, and Accuracy
 
Blank human urine samples were spiked with the six 
opioids and their IS.  Concentrations of the opioids 
ranged from 20 to 5000 ng/mL. At each concentration 
level, three individually processed replicates were tested. 
The concentration of IS was 100 ng/mL for all samples. 
Linearity samples were analyzed in triplicate along with 
one set of calibrators, which were also prepared in blank 
human urine. The calibration curves for morphine and 
codeine (Figures 4 and 5) were constructed by plotting 
the analyte/IS peak area ratio vs. analyte concentration.

The linearity was determined to be 20 to 5000 pg/mL for 
all six opioids. The LLOQ for the six opioids were 
determined to be 20 ng/mL. At LLOQ, the accuracy (n=3) 
ranged from 99.2% to 115.5% for the six opioids and the 
precision (n=3) ranged from 3.9% to 8.8% (Table 3). 
Within the linear range, the accuracies (at higher than 
LLOQ levels) were within 11.2% for the six opioids (data 
not shown). Figures 4 and 5 show the calibration curves 
for morphine and codeine. Figure 6 shows the SRM 
chromatograms of the six opioids at their LLOQ in spiked 
human urine. The signal-to-noise ratios for all six opioids 
at their LLOQs were excellent.

Analyte LLOQ 
(ng/mL) 

Linear 
range 

(ng/mL) 

Accuracy 
at LLOQ 
(%, n=3) 

Precision 
at LLOQ 
(%, n=3) 

Morphine 20 20-5000 100.8 6.1 

Codeine 20 20-5000 102.1 6.9 

Hydromorphone 20 20-5000 115.5 8.8 

Hydrocodone 20 20-5000 99.2 3.9 

Oxymorphone 20 20-5000 102.3 6.2 

Oxycodone 20 20-5000 107.4 4.4 

Table 3. LLOQ, linear range and accuracy for the six opioids in urine

Figure 4. Calibration curve of morphine in human urine

Figure 5. Calibration curve of codeine in human urine
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Precision
Precision was assessed with spiked human urine at 
concentrations of 40 and 200 ng/mL. Inter- and intra-
assay CV values at low and high quality-control 
concentrations varied between 5.0% and 12.9% (Table 4).

Table 4. Precision data

Figure 6. SRM chromatograms (quantifier: solid line; and qualifier: 
dotted line) of the six opioids at LLOQ in spiked human urine

Precision 
(%) 

Intra 
(n=5) 

Inter 
(n=15) 

Intra 
(n=5) 

Inter 
(n=15) 

Concentration 
(ng/mL) 

40 40 200 200 

Morphine 12.0 10.8 9.7 7.4 

Codeine 6.8 6.4 9.3 8.0 

Hydromorphone 7.0 7.7 5.9 5.0 

Hydrocodone 8.3 8.2 12.9 10.0 

Oxymorphone 14.1 11.4 7.9 6.4 

Oxycodone 5.1 6.3 6.7 5.8 

Carryover
No carryover was observed.

Solvent Usage
The method used only 5%–10% of the solvent amount 
used at a normal flow rate setting (0.5 mL/min). This 
dramatically lower solvent use will significantly lower 
both initial solvent cost and the cost of disposing of 
solvent waste.

Conclusion
We have used a novel approach for sensitive quantitation 
of six opioids in urine for forensic toxicology purposes. 
This approach used super-dilution to minimize frequently 
observed ion suppression in urine samples and used a 
microflow LC setup (Ultimate 3000 RSLCnano LC system 
and TSQ Vantage mass spectrometer) to compensate for 
sensitivity losses from super-dilution. This robust method 
was linear between 20 and 5000 ng/mL for the six opioids 
and highly accurate and precise. The method used only 
5%–10% of the solvent amount used at a normal LC flow 
rates, significantly lowering both solvent purchase and 
waste disposal costs.

For forensic toxicology use only.
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Introduction 
Federal employees and public transportation workers are 
required to pass a pre-employment drug screen known as 
the NIDA5, which refers to the five drugs of abuse that 
are required to be tested for by the National Institute of 
Drug Abuse (NIDA), or the Substance Abuse and Mental 
Health Services Administration (SAMHSA) panel. The 
assays are divided into 5 groups: opiates, amphetamines, 
cocaine (benzoylecgonine), cannabis (THCA) and PCP. 
In the past, these five groups have been screened by 
immunoassay and confirmed by gas chromatography-
mass spectrometry (GC/MS). In October 2010, SAMHSA 
approved the use of liquid chromatography-mass 
spectrometry (LC/MS) for confirmation of workplace 
drug testing samples. Here we will focus on the 
amphetamine group which consists of amphetamine, 
methamphetamine, 3,4-methylenedioxyamphetamine 
(MDA), 3,4-methylenedioxymethamphetamine (MDMA 
or Ecstasy) and methylenedioxyethylamphetamine 
(MDEA). 

Goal
To develop a specific and robust dilute-and-shoot 
quantitative method for the confirmation of amphetamine, 
methamphetamine, MDA, MDMA, MDEA in urine that 
meets SAMHSA cutoffs. Additionally, the method should 
be able to discriminate between the structural isomers 
methamphetamine and phentermine.

Methods

Sample Preparation
Urine was spiked with internal standards and hydrolyzed 
with β-glucuronidase. While amphetamines do not require 
hydrolysis, other compounds in the SAMHSA panel such 
as the opiates and THC do require hydrolysis. Adding 
this step enables all SAMHSA panel compounds to be 
processed with one method. Methanol was added to the 
hydrolysis mixture and the resulting mixture was centri-
fuged. The supernatant was further diluted and subjected 
to LC-MS analysis.

HPLC Conditions
Chromatographic analysis was performed using Thermo 
Scientific Accela 600 HPLC pumps and a Thermo Scientific 
Hypersil GOLD aQ column (50 x 4.6 mm, 1.9 µm particle 
size). The mobile phase consisted of 5 mM ammonium 
formate with 0.1% formic acid in both water and metha-
nol. The flow rate was 1.5 mL/min and the column was 
maintained at 30 °C. The total run time was 4.5 minutes.

MS Conditions
MS analysis was carried out on a Thermo Scientific TSQ 
Quantum Ultra triple stage quadrupole mass spectrometer 
equipped with a heated electrospray ionization (HESI-II) 
probe. Two selected reaction monitoring (SRM) transitions 
were monitored for each compound to provide ion ratio 
confirmations (IRC). 

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) end of the calibration range. Intra-run variability 
and robustness were determined by analyzing six replicates 
of each QC level with a calibration curve on three different 
days. Matrix effects were investigated by comparing peak 
area of analytes prepared in multiple lots of urine to those 
of a sample prepared in water.

Results and Discussion
The limits of quantitation (LOQs) for all compounds meet 
the SAMHSA confirmation requirements. (Table 1). The 
method is linear up to 5,000 ng/mL with R2 values > 0.99 
for all compounds. Figure 1 shows representative calibra-
tion curves for all compounds. Quality control results for 
the validation are shown in Table 2. Figure 2 shows an 
SRM chromatogram at LOQ. Peak areas of analytes in 
samples prepared from seven different lots of blank human 
urine compared to that of a sample prepared in water 
were all within 15% for amphetamine, methamphetamine, 
MDMA and MDEA. The peak areas were within 30% for 
MDA.

http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=423611&ft=1
Cathy
Black Background



Table 1. Method summary for quantitation of amphetamines in urine

	 Compound	 LOQ	 ULOQ	 SAMHSA Cutoff

	 Amphetamine	 10 ng/mL	 5000 ng/mL	 250 ng/mL

	 Methamphetamine	 5 ng/mL	 5000 ng/mL	 250 ng/mL

	 MDA	 20 ng/mL	 5000 ng/mL	 250 ng/mL

	 MDMA	 5 ng/mL	 5000 ng/mL	 250 ng/mL

	 MDEA	 5 ng/mL	 5000 ng/mL	 250 ng/mL

	 Phentermine	                      Not quantitated, but chromatographically well-separated  
                                                from isomeric methamphetamine.

	 Total run time: 4.5 minutes

Table 2. %CV/%Bias for QCs analyzed during validation of amphetamines in urine

	 Compound	 LQC (10 ng/mL)	 MQC (100 ng/mL)	 HQC (500 ng/mL)

	 Amphetamine	 10.9/-2.24	 4.45/6.39	 2.56/0.431

	 Methamphetamine	 7.03/0.420	 3.02/7.78	 4.26/1.67

	 MDA	 NA	 5.97/3.46	 4.17/-0.196

	 MDMA	 5.88/0.737	 3.31/7.88	 4.95/3.45

	 MDEA	 4.51/3.35	 2.96/8.20	 4.34/2.54

NA: LQC concentration is below LOQ for MDA; data not reported.



Figure 1. Representative calibration curves for amphetamine, methamphetamine, MDA, MDMA, MDEA in urine
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Methamphetamine and phentermine (an anti-obesity 
drug) are structural isomers with identical molecular 
masses and similar fragments. To avoid false positives,  
they must be separated chromatographically. As seen in 
Figure 3, these two compounds are well-resolved and will 
not interfere with each other. 

Conclusion
A method with simple dilute-and-shoot sample prepara-
tion for the confirmation of amphetamines in urine was 
developed. This method is suitable for SAMHSA-man-
dated workplace drug testing, meeting cutoff and speci-
ficity requirements within a 4.5-minute run. The sample 
processing method also enables all SAMHSA panels to be 
processed at once.

Time (min)
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2

Amphetamine

Methamphetamine

MDMA MDEA

MDA

2.6 2.7 2.8 2.9 3.0 3.1 3.2

Methamphetamine Phentermine

NH2

CH3

CH3

NH

CH3

CH3

Figure 2. SRM chromatogram of amphetamine, methamphetamine, MDA, MDMA and MDEA in urine at their respective LOQs

Figure 3. SRM chromatogram showing excellent resolution between structural isomers methamphet-
amine and phentermine
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Introduction
Synthetic cannabinoids are compounds made to mimic the 
effects of natural cannabinoids found in the cannabis plant 
(marijuana). They were first synthesized by pharmaceutical 
companies seeking to mimic the beneficial analgesic and 
anti-nausea effects of cannabis while trying to eliminate 
the psychoactive euphoric effects for which the plant is 
so abused. In the mid 1980’s, these compounds began 
appearing in herbal incense, marketed as “legal highs” 
under the names “Spice” and “K2.” Effects are similar to 
those of cannabis, but with reports of increased anxiety 
and paranoia. In early 2011, the U.S. Drug Enforcement 
Administration (DEA) regulated five of these compounds 
as Schedule I drugs.

Simple, robust and precise analytical methods are 
needed to quantitate these now illegal compounds in bio-
logical matrices for forensic purposes. Here we will focus 
on JWH-018 and JWH-073. Research has shown that 
parent compound is not excreted in urine. The reported 
metabolites seen in urine are the alkyl-hydroxy and alkyl-
carboxy metabolites of each compound.

Goal 
To develop a specific and robust dilute and shoot 
quantitative method for the analysis of the alkyl-hydroxy 
and alkyl-carboxy metabolites of JWH-018 and 073: 
JWH-018-OH, JWH-018-COOH, JWH-073-OH and 
JWH-073-COOH in urine.

Methods

Sample Preparation
Urine was spiked with internal standards and hydrolyzed 
with β-glucuronidase. Fisher Chemical acetonitrile was 
added to the hydrolysis mixture and the resulting mixture 
was centrifuged. Supernatant was further diluted and 
subjected to liquid chromatography-mass spectrometry 
(LC-MS) analysis.

HPLC Conditions
Chromatographic analysis was performed using Thermo 
Scientific Accela 600 HPLC pumps and a Thermo Scientific 
Hypersil GOLD column (100 x 2.1 mm, 3 μm particle 
size). Mobile phase consisted of 5 mM ammonium formate 
in both water and methanol. The total run time was 15.5 
minutes.

MS Conditions
MS analysis was carried out on a Thermo Scientific TSQ 
Quantum Ultra triple stage quadrupole mass spectrometer 
equipped with a heated electrospray ionization (HESI-II) 
probe (Figure 1). Two selected reaction monitoring (SRM) 
transitions were monitored for each compound to provide 
ion ratio confirmations (IRC).

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 cor-
responding to the low, middle and high end of the calibra-
tion range. Inter- and intra-run variability and robustness 
were determined by analyzing replicates of each QC level 
with a calibration curve on three different days. 

Figure 1. TSQ Quantum Ultra triple stage quadrupole mass spectrometer 
with Accela HPLC system

http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=420115&ft=1
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Figure 2. Representative calibration curves for JWH-018 and JWH-073 metabolites showing linearity from 2-1,000 ng/mL in urine

Results and Discussion 
The method is linear from 2 to 1,000 ng/mL with R2 val-
ues greater than 0.99 for all compounds (Figure 2). Table 1 
shows QC precision and bias data for the validation runs.

A 15-minute run was required to chromatographi-
cally separate the analytes of interest from endogenous 
interferences. Figures 3 and 4 show this chromatographic 
resolution in a 2-ng/mL and 100-ng/mL standard, respec-
tively. Figure 5 shows a SRM chromatogram from a self-
confessed consumption sample.

	      LQC	     MQC	    HQC

JWH-018-OH 	 10.4/-0.790	 3.50/-2.21	 7.81/2.51

JWH-018-COOH 	 8.07/11.6	 3.82/6.38	 6.37/6.29

JWH-073-OH 	 9.02/3.72	 3.42/-0.359	 5.99/0.847

JWH-073-COOH 	 11.8/14.0	 3.75/9.46	 4.78/7.34

Table 1. Inter-Assay %CV and % Bias for Quality Control Samples
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Figure 3. SRM chromatogram of a 2 ng/mL standard showing resolution of analytes from unknown 
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Conclusion
A simple dilute and shoot method for the analysis of syn-
thetic cannabinoid metabolites in urine was developed for 
forensic toxicology use. Since analysis of these compounds 
is relatively new to forensic applications, cut-off values 
have not been established. The current method has an 
LOQ of 2 ng/mL for all compounds. Based on published 
research, using an SPE or liquid/liquid extraction process-
ing method will lower the current LOQ to 0.2 ng/mL, if 
required. 



Antidepressants and Neuroleptics Quantitation 
Using Tandem Mass Spectrometry and  
Automated Online Sample Preparation
Hans-Rudolf Kuhn; Unilabs, Switzerland 
Bénédicte Duretz; Thermo Fisher Scientific, Les Ulis, France

Introduction
Liquid chromatography-mass spectrometry (LC/MS) 
is a powerful technique applied in clinical research for 
the analysis of a broad number of analytes. Offline 
sample preparation techniques (solid phase extraction 
and liquid-liquid extraction) are widely used but are 
often time consuming and labor intensive. The Thermo 
Scientific Transcend system powered by TurboFlowTM 
technology provides an alternative approach simplifying 
sample preparation. 

Goal
To develop a fast and efficient LC-MS/MS method using 
Thermo Scientific TurboFlow technology for the analysis 
of 18 antidepressants and neuroleptics.

Experimental

Sample Preparation
A 100 µL aliquot of serum or plasma sample was  
mixed with 300 µL of methanol containing internal 
standards (Venlafaxine-d6 and Sertraline-d3) at  
100 ng/mL. The resulting mixture was thoroughly 
vortexed, allowed to stand for 10 minutes at room 
temperature and then centrifuged at 4 °C for 10 minutes. 

Chromatography and Mass Spectrometry
High pressure LC (HPLC) was performed using the 
Transcend™ TLX system. Serum and plasma samples 
were extracted using a TurboFlow Cyclone P  
(0.5 x 50 mm) extraction column. Chromatographic 
separation was performed using a Thermo Scientific 
Hypersil GOLD column (50 x 3 mm, 3 µm particle size). 
Gradient elution was used. Total analysis time was  
8 minutes. 

Application 
Note: 556

Key Words

•	TurboFlow 
Technology

•	TSQ Quantum 
Access MAX

•	Triple Quadrupole

•	Clinical Research

The TurboFlow method conditions were as follows:

Eluent A: 	 0.1% Formic acid in water

Eluent B: 	 0.1% Formic acid in methanol

Eluent C: 	� Acetonitrile, isopropanol and acetone  
(45/45/10, v/v/v)

Eluent D: 	 Acetonitrile, water (90/10, v/v) 

The analytical LC conditions were as follows: 

Eluent A: 	 0.1% Formic acid in water

Eluent B: 	 0.1% Formic acid in methanol

The entire LC effluent from the sample injections 
was directed to the Thermo Scientific Ion Max source, 
utilizing heated electrospray ionization (HESI), on a 
Thermo Scientific TSQ Quantum Access MAX triple 
stage quadrupole mass spectrometer in positive ion 
selected reaction monitoring (SRM) mode. 

http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=417935&ft=1
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Figure 1. Representative chromatograms for the methods at the low end of the calibration curve 

Results and Discussion
For each analyte, linearity and quantitative results were 
obtained using SRM transitions. Quantitation of the  
18 drugs was performed with a calibration range of  
5 to 500 ng/mL for 5 compounds, 10 to 1000 ng/mL for 
9 compounds, 2 to 200 ng/mL for 3 compounds, and  
1 to 100 ng/mL for 1 compound. The R2 value for 

each of the calibration curves was above 0.998, which 
indicates an excellent linear fit over the dynamic 
range. Figure 1 shows the chromatogram of the lowest 
calibration standard. Calibration curves for risperidone 
and clozapine are reported in Figure 2. Table 1 displays 
the calibration ranges and method precision for all 
analyzed drugs. 
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Figure 2. Calibration curves for risperidone and clozapine 

Figure 2  : Calibration curves for risperidone and clozapine   
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Table 1. Calibration ranges and method precision for all the analytes

	
Analyte

	 Calibration range	 Within-day	 Between-days  
	 	 (ng/mL)	  (%RSD)*	 (%RSD)**

	9-OH-Risperidone	 5-500	 7.1	 5.5

	Amisulpride	 10-1000	 3.9	 3.4

	Citalopram	 5-500	 4.9	 5.1

	Clozapine	 10-1000	 5.8	 4.3

	Desmethyl Sertraline	 2-200	 6.3	 6.0

	Fluoxetine	 10-1000	 3.4	 3.4

	Maprotiline	 10-1000	 4.2	 4.1

	Mianserine	 5-500	 6.2	 5.1

	Mirtazapine	 2-200	 5.9	 4.4

	Norclozapine	 10-1000	 5.9	 3.6

	Norfluoxetine	 10-1000	 6.5	 5.0

	O-Desmethyl-Venlafaxine	 10-1000	 4.3	 4.8

	Olanzapine	 5-500	 6.2	 3.3

	Paroxetine	 5-500	 6.2	 5.3

	Quetiapine	 10-1000	 5.2	 3.5

	Risperidone	 1-100	 5.8	 5.4

	Sertraline	 2-200	 4.5	 3.4

	Venlafaxine	 10-1000	 4.5	 3.4

* Replicates analyzed each day = 10
** Days averaged = 10

Conclusion
A fast and analytically sensitive method for the detection 
of 18 antidepressants and neuroleptics is described.  
The Transcend TLX automated online sample 
preparation system allows minimal sample preparation 
and time saving in the absence of SPE sample preparation 
for clinical research laboratories.

For Research Use Only. Not for use in diagnostic procedures.



Demonstrating High-Performance Quantitative 
Analysis of Benzodiazepines using Multiplexed 
SIM with High-Resolution, Accurate Mass  
Detection on the Q Exactive LC/MS
Kevin J. McHale; Thermo Fisher Scientific, Somerset, NJ

Introduction
In today’s modern forensic toxicology laboratories, 
there is a growing demand to have a mass spectrometer 
with the power and flexibility to perform experiments 
both for the identification of unknown compounds 
and for trace-level quantification of target analytes.  
Additionally, this platform must execute these analyses 
with minimal sample preparation, provide consistent 
results and be easily assimilated into the laboratory 
workflows.  With the introduction of the Thermo 
Scientific Q Exactive high-performance benchtop 
quadrupole-Orbitrap mass spectrometer, the most 
stringent qualitative and quantitative objectives can be 
met.  By using high-resolution, accurate mass (HRAM) 
detection with quadrupole selected ion monitoring 
(SIM), targeted quantification of benzodiazepines in 
urine can be accomplished with sensitivity that rivals 
triple stage quadrupole instruments in selected reaction 
monitoring (SRM) mode.

Goal
To demonstrate the feasibility of high sensitivity 
liquid chromatography-mass spectrometry (LC/MS) 
quantification of benzodiazepines in urine by combining 
multiplexed SIM with high-resolution, accurate mass 
detection on the Q Exactive™ high-performance 
benchtop quadrupole-Orbitrap mass spectrometer.

Experimental

Sample Preparation
Eight benzodiazepines were spiked into blank human 
urine containing acetonitrile at 10% (v/v) from 0.0125 
to 250 ng/mL prior to LC/MS.

UHPLC
Ultra high performance LC (UHPLC) analyses were 
performed using a Thermo Scientific Accela 1250 
liquid chromatography system with an Open Accela™ 
autosampler. Gradient elution with a Thermo Scientific 
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•	Drug Quantitation

Hypersil GOLD PFP column (50 x 2.1 mm; 1.9 μm 
particle size) was used at a flow rate of 500 μL/min.  
The injection volume was 5 μL.

Mass Spectrometry
MS measurements were accomplished on a Q Exactive 
mass spectrometer with a heated electrospray ionization 
(HESI) source in positive ion mode.   Quadrupole 
isolation was set to 1.5 m/z with subsequent detection  
at a mass resolution of 140,000 FWHM via external 
mass calibration.

Results and Discussion
SIM is a well-established technique for targeted LC/MS 
quantitation using single quadrupole mass spectrometers.  
However, its utility is limited owing to the low specificity 
of unit mass resolution on single quads.  The Q Exactive 
mass spectrometer, which employs Orbitrap-based high-
resolution, accurate mass detection, overcomes this 
limitation.  Additionally, the duty cycle on the  
Q Exactive MS is enhanced by measuring multiple  
SIM ions simultaneously in the Orbitrap mass analyzer.   
The process of multiplexed SIM is illustrated in Figure 1.  
Four different ions are selected by the quadrupole 
and stored in the C-trap while the Orbitrap analyzer 
measures the ions from the previous cycle.  This process 
is repeated by passing the four SIM ions from the C-trap 
to the Orbitrap analyzer for the next mass measurement.  
The Q Exactive mass spectrometer has the capability to 
multiplex between two and ten SIM ions. 

Table 1 lists the eight benzodiazepines quantified 
by HRAM LC/MS with their multiplexed SIM time 
windows, the measured mass errors using external mass 
calibration, and the lower limits of quantitation (LLOQs) 
in urine on the Q Exactive mass spectrometer.  Two key 
points to highlight in Table 1 are that (1) mass errors on 
the Q Exactive system are significantly less than 5 ppm 
without the need of an internal calibration mass, and 
(2) the LLOQs of the eight benzodiazepines analyzed in 
urine are in the pg/mL range.

Figure 1.  Schematic of multiplexed SIM on the Q Exactive mass spectrometer

Figure 1

SIM 1 SIM 2 SIM 3 SIM 4 SIM 1 SIM 2 SIM 3 SIM 4
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Table 1
Compound

SIM Time 
Window (min)

Exact m/z Measured m/z
Error 
(ppm )

LLOQ 
(ng /mL )

Oxazepam 0.00-3.45 287.05818 287.05829 +0.4 0.0625

Lorazepam 0.00-3.65 321.01921 321.01926 +0.2 0.1250

Nitrazepam 0.00-3.65 282.08732 282.08746 +0.5 0.0625

Clonazepam 0.00-3.85 316.04835 316.04828 -0.2 0.0625

Temazepam 3.45-6.00 301.07383 301.07410 +0.9 0.0250

Flunitrazepam 3.65-6.00 314.09355 314.09296 -1.9 0.0625

Alprazolam 3.65-6.00 309.09015 309.09024 +0.3 0.0125

Diazepam 3.85-6.00 285.07892 285.07901 +0.3 0.0125

Table 1. List of benzodiazepines quantified by HRAM LC/MS on the Q Exactive mass spectrometer

Figure 2
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Figure 2. Extracted ion chromatograms (5 ppm) for 0.125 ng/mL benzodiazepines in urine

Figure 2 presents an example LC/MS analysis 
of benzodiazepines at 0.125 ng/mL in urine using 
multiplexed SIM on the Q Exactive mass spectrometer.  
By acquiring these data at a mass resolution of 140,000 
FWHM, little or no chemical noise is observed for 
the ± 5 ppm extracted ion chromatograms of the 
benzodiazepines in urine.  The selectivity afforded by 
the Q Exactive mass spectrometer at a resolution of 

140,000 FWHM is illustrated in the SIM spectrum for 
oxazepam (Figure 3).  In addition to the oxazepam ion at 
m/z 287.05829, there are at least 12 other ions observed 
within a 0.25 m/z  range.  Yet, the oxazepam ion is easily 
separated from the other chemical interference ions 
with the high resolving power of the Q Exactive mass 
spectrometer.



Figure 3
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Figure 4 and Table 2 demonstrate the overall 
quantitative performance of the Q Exactive mass 
spectrometer for diazepam in urine.  The calibration 

curve for diazepam in Figure 4 shows a linear dynamic 
range of over four decades (0.0125 – 250 ng/mL), 
including the inset from 0.0125 to 0.25 ng/mL, with 

Figure 4
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Figure 4. Calibration curve for diazepam in urine from 0.0125 – 250 ng/mL
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Table 2. Statistical results for HRAM LC/MS quantitation of diazepam in urineTable 2 [Diazepam, SIM]
Specified Amount 

(ng /mL )
Mean Calculated Amt. 

(ng/mL)
%Accuracy %CV

0.0125 0.0113 90.1 6.0

0.0250 0.0236 94.3 7.9

0.0625 0.0610 97.6 1.4

0.1250 0.127 101.9 2.9

0.250 0.273 109.1 1.7

2.50 2.65 105.9 1.0

25.0 25.5 102.0 1.7

125.0 123.5 98.8 0.8

250.0 250.8 100.3 1.2

spectrometer using multiplexed SIM are comparable 
to those observed on triple stage quadrupole mass 
spectrometers in SRM mode.

an R2 regression value of 0.9998 using 1/x weighting.  
Table 2 presents the statistical results for the HRAM 
quantification of diazepam.  The quantitative accuracy 
and precision values obtained by the Q Exactive mass 

Conclusion
The Q Exactive HRAM LC/MS system is a powerful 
and flexible instrument that can provide both sample 
identification and quantitative information for forensic 
toxicology with a single sample analysis. By using the 
method of multiplexed SIM, eight benzodiazepines in 
urine were quantified with LLOQs at the pg/mL level 
and with linear dynamic ranges of 3 to 4 orders of 
magnitude.

For Forensic Toxicology Use Only



THC-COOH Quantification in Urine Using 
Dilute and Shoot LC-MS/MS Method for 
Forensic Toxicology  
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Introduction

Cannabis sativa is a widely used drug of abuse. Tetrahy-
drocannabinol (THC) is the major psychoactive chemical 
compound in the cannabis plant. After smoke inhalation, 
THC is absorbed and distributed in blood. Subsequently, 
it is rapidly metabolized to THC-COOH, conjugated 
with glucuronic acid, and excreted through urine. Liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) 
is considered a useful tool to establish the consumption of 
cannabis by the assessment of THC-COOH in urine for 
forensic toxicology purposes.

Goal
To develop a reliable and fast analytical method for the 
quantitative determination of THC-COOH in urine using 
a Thermo Scientific TSQ Quantum Access MAX triple 
stage quadrupole mass spectrometer.

Experimental

Sample Preparation
A urine sample was hydrolyzed with 10M NaOH and 
heated at 60 °C for 15 minutes. The pH was restored with 
Fisher Chemical acetic acid. Hydrolyzed samples as well as 
calibrators were diluted 1:10 in Fisher Chemical water/ace-
tonitrile (1:1). Then, 10 µL were directly injected. Quan-
titative analysis was performed on the basis of calibration 
curves prepared in urine, ranging from 7.8 to 1000 ng/mL. 
Calibrators were injected in duplicate.

UHPLC conditions
Liquid chromatography separation was performed using 
a Thermo Scientific Accela autosampler and pump. The 
sample was injected directly on a Thermo Scientific Hyper-
sil GOLD column (50 × 2.1 mm, 1.9 μm). A gradient LC 
method used mobile phases A (0.1% aqueous formic acid) 
and B (Fisher Chemical Optima LC/MS acetonitrile) at a 
flow rate of 300 μL/min. The run time was 6 minutes.

Mass Spectrometry
MS analysis was carried out on a TSQ Quantum Access 
MAX™ triple stage quadrupole mass spectrometer 
equipped with a Thermo Scientific Ion Max source with 
a heated electrospray ionization (HESI) probe. The MS 
conditions were as follows:

Scan type: 	 SRM 

Divert valve: 	 2 - 4 min to source

Selected ions for quantification:  �m/z 343 → 299 + 245 for THC-COOH in 
negative mode 

Results and Discussion
Figures 1 and 2 show the ion chromatograms of the lowest 
and highest calibration points. Excellent linearity  
(r2 = 0.99) fits for the calibration curve were observed over 
the range of 7.8-1000 ng/mL urine, with a Coefficient of 
Variation (%CV) at the lower end of 6.5%. The limit of 
quantitation (LOQ) was established as 7.8 ng/mL in urine.

Figure 4 reports an ion chromatogram of a real urine 
sample positive for cannabinoids (225 ng/mL urine), ana-
lyzed as described.   

To examine the difference between hydrolyzed and 
non-hydrolyzed urine, we analyzed the same urine sample 
without the hydrolysis step. When urines were not hy-
drolyzed, the portion excreted as free THC-COOH was 
detected at 3.06 minutes, while THC-COOH-glucuronide 
was detected at 2.58 minutes (Figure 5). The precursor ion 
m/z 343 was generated as result of an in-source fragmenta-
tion and a consequent loss of glucuronic acid. 

Because THC-COOH is mainly excreted as glucuronic 
acid conjugate, it is always necessary to perform urine 
hydrolysis before the LC-MS analysis to obtain an accurate 
quantification of THC-COOH. 

http://www.revbase.com/tt/sl.ashx?z=73090c66&dataid=417933&ft=1
Cathy
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Figure 1. Ion chromatogram of 7.8 ng/mL urine calibration standard
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Figure 2. Ion chromatogram of 1000 ng/mL urine calibration standard
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