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Abstract

This application note describes a rapid and simplified solid phase extraction protocol and LC-MS/MS 

method for the analysis of urinary benzodiazepines and metabolites.

The unique water wettable nature of the Oasis MCX Sorbent enables the elimination of the common 

conditioning and equilibration steps without any loss in recovery or reproducibility. This property of 

Oasis also enables the entire hydrolysis step to be conducted within the wells of the Oasis MCX μElution 

Plate, eliminating time consuming and error-prone transfer steps, reducing the total number of post-

incubation steps from 9 to 5. Combining this extraction procedure with the chromatography of the 

CORTECS C18+ Column, and the sensitive and reproducible quantification of the Xevo TQ-S micro mass 

spectrometer, results in a rapid and efficient analysis method that is also exceptionally accurate. This 

method is simpler, faster, and easier, than liquid-liquid extraction and cleaner than reversed-phase SPE 

while providing excellent sensitivity, accuracy and precision for the analysis of this important class of 

compounds.

Benefits
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Rapid, simplified sample preparation of urinary benzodiazapines■

Significant savings in solvent usage and disposal vs. liquid-liquid extraction■

Consistent recovery for all compounds■

Excellent accuracy and reproducibility■

All sample pretreatment and extraction performed in-well, eliminating transfer steps■

Reduced matrix effects vs. reversed-phase SPE■

Introduction

Benzodiazepines are frequently prescribed drugs used for their sedative, anxiolytic, and hypnotic 

properties.1 They work by potentiating the inhibitory neurotransmitter gamma-amino butyric acid 

(GABA). Nationally, overdose deaths from benzodiazepines have risen 600% from under 1,600/year in 

2001 to 8,000 in 2014, greater than any other drug class with the exception of heroin.2 So-called “Z-

drugs” (zolpidem and zopiclone) are commonly used sleep aids that act in a similar manner to 

benzodiazepines.1 While the use of LC-MS/MS for benzodiazepine analysis has increased in recent years, 

many published techniques still rely on labor intensive liquid-liquid extraction techniques.3-5 Some of 

the drawbacks of these techniques include the need to process individual samples one by one, the use 

of toxic solvents, and the need to evaporate and reconstitute samples after extraction.

This application note details a sample preparation and LC-MS/MS analysis strategy for a comprehensive 

panel of benzodiazepines, metabolites, and Z-drugs for forensic toxicology use. Using an abbreviated, 

modified solid phase extraction (SPE) method, Waters Oasis MCX µElution Plates were used to rapidly 

extract this panel of drugs and metabolites from urine samples. All sample preparation steps, including 

enzymatic hydrolysis, were performed within the wells of the Oasis MCX µElution Plates, and the 

extraction method was simplified by eliminating conditioning and equilibration steps. This enabled a 

streamlined workflow that minimized sample transfer steps while still achieving excellent and 

reproducible quantitative results. Chromatographic separation was achieved using a CORTECS UPLC C18

+ Column while a Xevo TQ-S micro Mass Spectrometer was used for detection. Extraction recovery was 

efficient, averaging 91%, and the use of the mixed-mode sorbent reduced matrix effects compared to 
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reversed-phase SPE. The CORTECS UPLC C18+ Column enabled the baseline separation of all target 

analytes from internal standards with identical nominal masses. This eliminated the risk of 

chromatographic interference between the labeled internal standards and the native compounds. All 

within and between batch quality control samples had mean accuracies within 5% of nominal values.

This method was also performed at HPLC scale using a CORTECS UPLC C18+ 2.7 µm Column (3.0 x 100 

mm) (p/n 186007372). The same efficient separation was seen as with the 1.6 µm column (p/n 

186007402), with backpressures that remained under 4000 psi and a separation time that was increased 

by only 30%.

Experimental

All standards were obtained from Cerilliant (Round Rock, TX). Deuterated internal standards were used 

for all compounds with the exception of flurazepam. Stock solutions were prepared in methanol. 

Working standards were prepared daily by diluting stock standards in 80:20 water:methanol. Calibrators 

and QC samples were prepared in urine from working standards. All analytes are listed in Table 1, along 

with retention times and MS transitions and parameters.
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Table 1. Analyte list, retention times, and MS parameters for benzodiazepines and metabolites analyzed  in this application.

1Oxazepam’s parent ion was set at 289 to avoid interference with Nitrazepam-d5 seen with m/z 287.

Sample pretreatment
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200 µL of urine was added to individual wells of an Oasis MCX µElution Plate, along with 20 µL of internal 

standard solution (250 ng/mL), and 200 µL of 0.5 M ammonium acetate buffer (pH 5.0) containing 10 µL 

of β-glucuronidase enzyme/mL of buffer (Sigma Aldrich, P. vulgate, 85k units/mL). The entire plate was 

incubated at 50 °C for 1 hr. and then quenched with 200 µL of 4% H3PO4. 

SPE extraction

Pretreated samples were drawn into the sorbent bed by vacuum. All samples were subsequently washed 

with 200 µL of 0.02 N HCl, followed by 200 µL of 20% MeOH. After washing, the plate was dried under 

high vacuum (~15 inch Hg) for 30 seconds. Samples were eluted with 2 x 25 µL of 60:40 ACN:MeOH 

containing 5% strong ammonia solution (Fisher, 28‒30%). All samples were then diluted with 100 µL of 

sample diluent (2% ACN:1% formic acid in MilliQ water). A graphical workflow of the extraction 

procedure is shown in Figure 1.
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Figure 1. Details of the extraction method for the analysis of urinary 

benzodiazepines using Oasis MCX µElution Plates. Enzymatic hydrolysis 

and sample pretreatment are performed in the wells of the extraction 

plate, minimizing transfer steps. Conditioning and equilibration steps are 

eliminated, significantly simplifying the procedure.

Method conditions

LC conditions

System: ACQUITY UPLC I-Class (FL)

Column: CORTECS UPLC C18+ 1.6 μm, 2.1 x 100 mm (p/n: 

186007402)

Column temp.: 30 °C
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Sample temp.: 10 °C

Injection volume: 5 μL

Flow rate: 0.5 mL/min

Mobile phase A (MPA): 0.01% Formic acid in MilliQ water

Mobile phase B (MPB): 0.01% Formic acid in acetonitrile (ACN)

Gradient: Initial conditions were 90:10 MPA:MPB. The 

percentage of MPB was increased to 50% over 

five minutes, ramped up to 95% by 5.25 

minutes, held at 95% for 0.75 minutes and 

returned to 10% over 0.1 minute.

MS conditions

System: Xevo TQ-S micro

Ionization mode: ESI+

Detection: MRM (transitions optimized for individual 

compounds, Table 1)

Capillary voltage: 0.5 kV

Collision energy: Optimized for individual compounds (See 

Table 1)

Cone voltage: Optimized for individual compounds (See 

Table 1)
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Data management

MassLynx Software with TargetLynx Application Manager 

Analyte recovery was calculated according to the following equation:

Where A = the peak area of an extracted sample and B = the peak area of an extracted matrix sample in 

which the compounds were added post-extraction.

Results and Discussion

Chromatography

All test compounds are listed in Table 1, and their chromatography is shown in Figure 2. Table 1 also 

lists the retention times and  MS conditions of all compounds. Several columns were evaluated for this 

application, but the selectivity of the CORTECS UPLC C18+ Column enables the baseline separation of all 

potentially interfering peaks. Two key pairs are shown in Figure 3. While clonazepam-d4 (R.T. 4.08) 

generates a slight contribution to the primary lorazepam MRM (323>277), the two peaks are baseline 

separated. Even at the LLOQ (0.5 ng/mL), the clonazepam IS does not interfere with lorazepam and does 

not affect quantification of the peak. Another critical pair is alprazolam-d5 and flunitrazepam. In this 

case, flunitrazepam makes a contribution that can be seen in the MRM trace of alprazolam-d5 

(314.1>210.1). However, the baseline separation of these peaks ensures that even at the ULOQ (500 

ng/mL) the baseline separation prevents flunitrazepam from affecting the integration and quantification 

if the alprazolam IS.

8
LC-MS/MS Analysis of Urinary Benzodiazepines and Z-drugs via a Simplified, Mixed-Mode Sample Preparation 
Strategy



Figure 2. Chromatography of benzodiazepines analyzed in this application. See Table 1 for 

compound key. Column: CORTECS UPLC C18+ 1.6 µm, 2.1 x 100 mm.
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Figure 3. Chromatographic separation of key analyte pairs on the CORTECS UPLC C18+ 1.6 µm 

Column. A. Clonazepam-d4 contributes to the lorazepam MRM but is baseline separated on this 

column. B. Alprazolam-d5 at 4.33 minutes is baseline separated from flunitrazepam at 4.42 minutes.

This panel was also analyzed on an HPLC scale using a CORTECS UPLC C18+ 2.7 µm Column (3.0 x 100 

mm) and an ACQUITY UPLC H-Class System. Table 2 compares the retention times of the UPLC and HPLC 

methods. All critical separations were maintained under HPLC conditions. The maximum system 

pressure stayed below 4000 psi. The retention time of diazepam, the latest eluting peak, only increased 

from 5.14 to 6.69, a 30% increase, and the solvent ramp duration increased from seven to nine minutes. 

The increase in retention time was likely due to the decreased linear velocity of the mobile phase 

resulting from the larger interior diameter of the HPLC column (3.0 mm vs 2.1 mm) and the decrease in 

the slope of the solvent ramp. If run on a traditional HPLC system, the increase in dwell volume would 

likely result in an increase in peak width. Nevertheless, the scalability of the CORTECS UPLC C18+ 

Column should make this adjustment straightforward. While ACQUITY UPLC will provide the fastest and 

most efficient separation, this enables the method to be performed on HPLC instrumentation if 

necessary.
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Recovery and matrix effects

Figure 4 shows the composite extraction recoveries of the entire panel of compounds from four separate 

experiments. Recoveries ranged from 76 to 102% with an average of 91%, demonstrating excellent 

extraction efficiency. The recoveries were consistent as well, with coefficients of variation (%CVs) 

ranging from 5.2% to 15%, with a mean of 8.6%. The extraction method was modified from a traditional 

MCX method for basic compounds. The first wash step was modified from aqueous 2% formic acid to 

0.02 N HCl to account for the low pKas of compounds such as clonazepam, flunitrazepam, and 

alprazolam and ensure ion-exchange retention on the MCX sorbent. A series of experiments performed 

during method development revealed that more than 20% methanol in the wash step resulted in loss of 

the acidic benzodiazapines, such as oxazepam, lorazepam, and temazepam. Thus, the second wash step 

consisted of 20% methanol, the strongest organic wash possible that did not result in analyte 

loss during the wash step. These modifications maximized reversed-phase and ion-exchange retention 

and enabled the highly efficient and most selective extraction of the entire panel of benzodiazepines. 
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Table 2. UPLC and HPLC retention times for benzodiazepines and z-drugs.
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Figure 4. Extraction recovery for the compounds in this application. Values represent the mean of four individual 

extractions. Recoveries ranged from 76%–102.5% with an average recovery of 91%. Direct loading of the sorbent, 

without conditioning and equilibration had no impact on analyte recovery.

Two key benefits of this method take advantage of the water-wettable nature of the Oasis sorbent, the 

ability to directly load without conditioning and equilibration, and the ability to conduct all hydrolysis 

and pretreatment within the well of the SPE plate. The traditional six-step mixed-mode SPE method was 

simplified into just four steps. This was accomplished by eliminating the conditioning and equilibration 

steps. This simplification had no effect on the extraction efficiency of the method (data not shown), and 

is consistent with the water wettable nature of the Oasis sorbent. This also enables all sample hydrolysis 

and pretreatment to be performed within the wells of the 96-well plate, eliminating the need to transfer 

the sample from an incubation vessel to the SPE plate, a step that can be time consuming and error 

prone. After incubation within the wells of the Oasis MCX µElution Plate, the samples were simply mixed 

with 4% H3PO4 to quench the hydrolysis reaction and ionize the basic benzodiazepines, which were then 

drawn directly onto the sorbent. No leakage or well blockages were seen in any of the method 

development or validation experiments. Overall, this method reduces the number of post-incubation 
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steps from nine to five by eliminating conditioning, equilibration, the transfer of samples to the SPE 

device, and sample evaporation compared to a traditional SPE workflow.

Matrix effects are shown in Figure 5. As with analyte recoveries, matrix effects were equivalent between 

the direct loaded samples and those in which the sorbent was conditioned and equilibrated. Matrix 

effects were also compared to traditional reversed phase extraction with Oasis PRiME HLB. Absolute 

matrix effects were 17.7% for Oasis MCX µElution plate prepared samples vs. 25.3% for Oasis PRiME HLB 

prepared samples (data not shown), demonstrating the superior cleanup of mixed-mode SPE for this 

group of analytes.

Figure 5. Matrix effects for benzodiazepines. Absolute matrix effects were reduced from 25.3% to 17.7% by using 

Oasis MCX mixed-mode SPE Plates vs. reversed-phase sorbent (Oasis HLB).

Quantitative results

Calibration curves ranged from 0.5 ng/mL through 500 ng/mL for all compounds. All compounds had 

LOQs of 0.5 ng/mL and ULOQs of 500 ng/mL. Quality control samples were prepared at 1.5, 7.5, 75, 

and 300 ng/mL. A calibration summary is shown in Table 3. Six of the curves were fitted with a 1/x 
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weighted linear curve, while 15 were best fit with a 1/x weighted quadratic curve. Figure 6 shows 

examples of compounds best fit with a linear curve (nitrazepam, alprazolam), and a quadratic fit 

curve (diazepam, 7-aminoclonazepam). Regardless of the function used, fits were excellent and fit for 

purpose for the analytical needs of the method.  Seventeen compounds had R2 values of 0.999 or 

greater, and the remaining compounds had R2 values of 0.997 or greater. Table 3 also shows that the 

mean % deviations for all compounds were less than 10%. Additionally, Tables 4 and 5 show the results 

of within-batch and between-batch QC results. The within-batch results show both excellent accuracy 

and precision. The mean accuracies for all compounds at the four QC levels were 107.8%, 98.5%, 97.5%, 

and 97.5%. For the highest three QC values (7.5, 75, and 300 ng/mL) all individual accuracies were within 

10% of target values and all %CVs were less than 10%. The between-batch results shown in Table 5 

were, if anything, even better. Mean accuracies were 102.1%, 99.3%, 98.2%, and 96.8% at the four QC 

levels. Individual CVs ranged from 1.1% to 9.0%. These high levels of accuracy and precision 

demonstrate the consistency and reliability of the Oasis MCX sorbent and extraction technique, and 

demonstrate that there is no compromise of result quality, even with the in-well hydrolysis and direct 

sorbent loading used in this assay. They also show that the quadratic curves used are fit for purpose and 

meet the needs of the assay.
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Table 3. Calibration summary for all compounds in this application. The mean %deviation refers to the average 

of  the absolute value of the deviations of all points in the curve.
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Figure 6. Representative calibration curves of benzodiazepines. Nitraepam and alprazolam were fit with a 1/x 

linear curve, while diazepam and 7-aminoclonazepam were best fit with a quadratic 1/x weighted curve.
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Table 4. Within-batch QC results. N=6. Mean values show the average for each compound and the average for 

all compounds at each QC level.
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Table 5. Between-batch QC results. Values represent the mean and %CV of four separate extraction batches. 

Mean values show the average for each compound and the average for all compounds at each QC level.

Conclusion

This application note describes a rapid and simplified solid phase extraction protocol and LC-MS/MS 

method for the analysis of urinary benzodiazepines and metabolites for forensic toxicology use. The 

unique water wettable nature of the Oasis MCX sorbent enables the elimination of the common 

conditioning and equilibration steps without any loss in recovery or reproducibility. This property of 

Oasis also enables the entire hydrolysis step to be conducted within the wells of the Oasis MCX µElution 

plate, eliminating time consuming and error-prone transfer steps, reducing the total number of post-

incubation steps from nine to five. This extraction procedure combining the chromatography of the 

CORTECS UPLC C18+ Column and the sensitive and reproducible quantification of the Xevo TQ-S micro 

results in a rapid and efficient analysis method that is also exceptionally accurate. This method is 
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simpler, faster, and easier than liquid-liquid extraction. It is also cleaner than reversed-phase SPE while 

providing excellent sensitivity, accuracy, and precision for the analysis of this important class of 

compounds.
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