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Abstract 

A quantitative analytical method has been developed 

for the determination of 7-amino clonazepam, 7-amino 

flunitrazepam, chlordiazepoxide, midazolam, 

clonazepam, α-hydroxy triazolam, α-hydroxy 

alprazolam, alprazolam, lorazepam, 2-hydroxyethyl 

flurazepam, oxazepam, temazepam, nordiazepam, and 

diazepam in human blood.  Benzodiazepines are one 

of the main drug classes analyzed by forensic and 

clinical labs.  The method that has been developed here 

is fully automated to quantitatively extract 

benzodiazepines and some of their metabolites from 

blood using strong cation exchange ITSP SPE devices 

and analyze the samples by LC-MS/MS.   The sample 

extraction and injection onto the LC-MS/MS were 

both performed by a PAL-xt (CTC Analytics) sample 

handling unit equipped with a 100 µL DLW syringe 

and a combination mixer-centrifuge (Anatune).  

Spiked blood samples with stable label internal 

standards were prepared on the PAL-xt by diluting 

with 0.01 N acetic acid, vortexed and centrifuged in-

line, and without further preparation applied to strong 

cation exchange (SCX) ITSP devices for extraction.  

The acidified samples must be extracted immediately 

since some of the benzodiazepines are somewhat 

unstable in acidic solutions.  The extracts were 

injected onto an LC-MS/MS using a Poroshell 120 

EC-C18 (Agilent) column.  The extracted standard 

curve had a range of 5-1000 ng/mL for all 14 

compounds.  Selected reaction monitoring (SRM) was 

used for quantitation.  An additional SRM transition 

was acquired for each compound.  The ion ratio of the 

quantitative transition to the confirmatory transition 

was used in order to confirm the presence of the drug. 

 

 
 
7-Amino Clonazepam 
Exact Mass  285.7 

 

 
 

7-Amino Flunitrazepam 
Exact Mass  283.3 

 
 

Chlordiazepoxide 
Exact Mass  299.8 

 

 
 

Midazolam 
Exact Mass  325.8 

 

Clonazepam 

Exact Mass  315.7 

 

α-Hydroxy Triazolam 

Exact Mass  359.2 

 
 

 

α-Hydroxy Alprazolam 
Exact Mass  324.8 
 

 

 
 

Alprazolam 
Exact Mass  308.8 
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Lorazepam 

Exact Mass  321.2 

 

 

 

2-Hydroxyethyl Flurazepam 

Exact Mass  332.8 

 

 

 
 

 

   

 

Oxazepam 

Exact Mass  286.7 

 

Temazepam 

Exact Mass  300.7 

 
 

Nordiazepam 
Exact Mass  270.7 
 

 

 
 

Diazepam 
Exact Mass  284.7 

 

 

Experimental 

Sample Preparation 

All benzodiazepine standards and their deuterated 

internal standards were obtained from Cerilliant.  

Standards of the benzodiazepines were prepared in 

blood at nominal concentrations of 5, 10, 50, 100, 500 

and 1000 ng/mL.  A 200 µL aliquot of blood was 

extracted.  Stable label internal standards (25 ng of 

each) were added to the blood.   

ITSP SPE Method 

ITSP Cartridges:  UCT Strong Cation Exchange and 

C18 mixed mode, 10mg (Product No.: 10-UDBXP-P) 

A CTC Analytics PAL-xt sample handler was used to 

prepare the samples.  The PAL-xt was configured with  

a 100 µL DLW syringe, two tray holders and a 

combination mixer-centrifuge (Anatune CF-100).  

Each tray holder held 2 microplates, one of which was 

designed to hold the ITSP hardware kit (Product No.: 

HW-KIT).  The extraction protocol was as follows: 

Step Solvent 
Volume 

(L) 

Flow rate 

(L/sec) 

Dilute A 600 100 

Vortex 30 sec - - 

Centrifuge 3 min - - 

Load Sample 700 20 

Wash A 200 20 

Wash B 100 20 

Elute C 100 20 

Elute D 100 20 

Dilute E 100 100 

Solvent A:  0.01 N Acetic Acid 

Solvent B:  Water:0.01 N Acetic Acid:Methanol (2:1:1) 

Solvent C:  Methanol:Acetonitrile:Tetrahydrofuran (1:1:1) 

with 2% ammonium hydroxide 

Solvent D:  Tetrahydrofuran with 2% Ammonium 

hydroxide 

Solvent E:  Water: 

Samples were analyzed with the following method:  

Analysis Method  

Instrument:   Agilent 6430 triple quadrupole with 

Agilent 1200 Rapid Resolution HPLC 

Column:   Agilent Poroshell 120 EC-C18, 3x50mm, 

2.7 m particles 

Solvent A:   Water with 0.1% Formic acid 

Solvent B:   Methanol with 0.1% Formic acid 

Column Temp.:   30°C 

Flow rate:   0.8 mL/min  

Gradient:  0.00 min (70% A), 0.5 min (70%A),  

5.0 min (0% A), 7.0 min (0% A),  

7.5 min (30% A),  

Ionization Mode:   Positive Ion Electrospray Ionization 

MRM Conditions: Dynamic MRM Mode 
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Analytical Range 5-1000 ng/mL 

Drug Quant Confirm IS RT 

(min) 
7-Amino 
Clonazepam 

286-121 286-222 290-121 0.75 

7-Amino 

Flunitrazepam 

284-135 284-240 291-138 1.03 

Chlordiazepoxide 300-227 300-282 305-232 1.73 

Midazolam 326-291 326-240 330-295 1.83 

Clonazepam 316-270 316-214 320-274 2.5 

α-Hydroxy 

Triazolam 

359-176 359-331 363-335 2.52 

α-Hydroxy 

Alprazolam 

325-297 325-216 330-302 2.61 

2-Hydroxyethyl 

Flurazepam 

333-109 333-211 337-113 2.75 

Alprazolam 309-205 309-281 314-210 2.76 

Oxazepam 287-241 287-269 292-246 2.79 

Lorazepam 321-275 321-303 325-279 2.79 

Temazepam 301-255 301-283 306-260 2.91 

Nordiazepam 271-140 271-208 276-140 2.99 

Diazepam 285-193 285-154 290-198 3.17 

 

Results 

Standards of the opiates were prepared in blood over 

the range of 5-1000 ng/mL and internal standard was 

added. The PAL was used to dilute and acidify, vortex, 

centrifuge the blood samples, and then process with 

the ITSP cleanup procedure prior to analysis by LC-

MS/MS.  The benzodiazepine samples are not stable 

under acidic conditions and need to be extracted 

quickly after acidification.  The PAL ITSP 

combination extracts each sample sequentially after 

acidification preventing degradation.  A summary of 

the accuracies across the concentration range are 

provided: 

Standard % Accuracy  Results 

Concentration 
7-Amino 

Clonazepam 
7-Amino 

Flunitrazepam 
Chlordiazepoxide 

5 ng/mL 93.3 97.4 104.1 

25 ng/mL 88.4 100.4 93.4 

50 ng/mL 112.1 104.4 103.4 

250 ng/mL 98.7 99.8 99.6 

500 ng/mL 109.2 97.4 103.7 

1000 ng/mL 88.9 101.2 96.8 

 
 
 
 
 
    

Standard % Accuracy  Results 

Concentration Midazolam Clonazepam 
α-Hydroxy 
Triazolam 

5 ng/mL 100.0 105.0 110.1 

25 ng/mL 94.2 94.1 82.0 

50 ng/mL 104.4 101.3 109.1 

250 ng/mL 104.8 100.2 100.8 

500 ng/mL 99.5 95.4 101.8 

1000 ng/mL 97.1 88.1 96.3 

 

Standard % Accuracy  Results 

Concentration 
α-Hydroxy 
Alprazolam  

Alprazolam  Lorazepam  

5 ng/mL 94.9 101.0 94.6 

25 ng/mL 100.4 94.5 95.9 

50 ng/mL 105.8 103.0 113.3 

250 ng/mL 101.4 104.9 118.2 

500 ng/mL 101.1 96.3 97.7 

1000 ng/mL 96.2 100.1 76.3 

    

Standard % Accuracy  Results 

Concentration 
2-

Hydroxyethyl 
Flurazepam 

Oxazepam Temazepam 

5 ng/mL 103.9 101.4 99.8 

25 ng/mL 95.6 91.0 102.1 

50 ng/mL 100.5 107.4 106.6 

250 ng/mL 98.8 102.6 104.1 

500 ng/mL 101.8 101.6 100.7 

1000 ng/mL 99.4 95.8 95.6 

    

Standard % Accuracy  Results 

Concentration Nordiazepam Diazepam  

5 ng/mL 97.2 99.2  

25 ng/mL 98.0 94.9  

50 ng/mL 104.2 104.9  

250 ng/mL 103.2 104.0  

500 ng/mL 102.4 100.8  

1000 ng/mL 95.0 96.0  

 

The ratio of the confirmatory transition to the 

quantitation transition was calculated for each drug at 

each concentration.  The confirmatory ratios for all 

standards were found to be within 20% of the mean for 

that drug. 
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