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Confirmation and Quantitation of Benzodiazepines by LC/MS/MS

Summary of Validation

The toxicology laboratory validated a modified solid phase extraction procedure and new LC/MS/MS method for 
confirming and quantitating 21 benzodiazepines in blood, serum/plasma, urine and tissue homogenate.  All calibrators, 
available controls and interference studies were prepared from NIST-Traceable reference standards with certificates 
of analysis.  Analytes include 7-aminoclonazepam, clonazepam, 7-aminoflunitrazepam, alphaOHalprazolam, 
alprazolam, oxazepam, lorazepam, nordiazepam, temazepam, phenazepam, diazepam, etizolam, clonazolam, 
diclazepam, estazolam, flubromazepam, flubromazolam, delorazepam, zopiclone, flualprazolam, and adinazolam.  
The method was validated using 6 blood calibrators and low, medium, and high controls in blood, serum, urine and 
tissue homogenate. The analytical work was done by Philip Carter, Treena Wiebe, Elizabeth Kiely, Kialee Bowles, 
and Brian Simons and reviewed by Heather Antonides.

This validation started on October 21, 2020 and ended in February 2021.  LCMSMS instruments #1, #2, and #3 were 
used during the method validation and all data was combined.  The timeline of this validation was affected by COVID, 
instrument issues, and staff absences.

The method was determined to be acceptable for the qualitative screen of adinazolam and flualprazolam (no second 
source for the control).   During validation a vendor was unable to provide certified reference material for diclazepam 
and flubromazepam.  These two analytes will be qualitative only until the certified reference materials are available.  
And for confirmation and quantitative determination of all other analytes listed above using matrix matched calibrators 
and controls.  This analysis will only be analyzed using LCMSMS 2 and LCMSMS 3.

The method is fit for its intended purpose.

The validated parameters are shown below:

Parameter Acceptance Criteria Results
Bias Maximum of +/- 20% All biases (within and between day) 

for blood were less than 20% with 
the chosen extraction method.  
Biases for serum(s) and tissue(t) 
controls failed the 20% for some 
analytes when blood controls were 
used for tissues and serum cals used 
for serum.  Based on the matrix 
controls and previously analyzed 
cases, serum/plasma will only be 
quantitated against matrix matched 
calibrators and acceptable controls.  
Tissue homogenates may be 
quantitated using blood calibrators 
for all analytes except  
alphOHalprazolam, clonazolam, 
delorazepam, flubromazolam, 
phenazepam, and diclazepam.



Carryover A negative specimen following the 
highest calibrator is a true negative 

No carryover was seen in negative 
specimens following the highest 
calibrator

Interference No interfering signal from matrix 
or drugs used in assay

No interfering signals were seen in 
the matrices or with related and 
unrelated drugs commonly seen in 
this laboratory.  The internal 
standard does not interfere with the 
analytes and the analytes do not 
interfere with any of the internal 
standards.

Limit of Detection At least 10 ng/mL All analytes employ quadratic 
regression for the curves.  All LODs 
are administratively set to the 
lowest acceptable calibrator.  Urine 
hydrolysis LOD is set to 5ng/mL.  
Based on chromatography and 
analyte response, Adinazolam LOD 
may be raised to Cal 2 – this will be 
documented in the run.

Precision The % coefficient of variation for 
controls (within and between runs) 
not to exceed 20% 

The % coefficient of variation for 
all blood controls (within and 
between runs) was less than 20%.  
Tissue and Serum % coefficient of 
variation were also less than 20% 
for within run controls.  

Stability on the autosampler Determine stability post extraction All analytes were stable on the 
instrument for injection one day 
post extraction.  Past that, all 
calibrators, controls, and cases of 
interest would need to be reinjected 
for quantitative evaluation.  
UPDATE – 030321
All analytes were stable on the 
instrument for injection two days 
post extraction except 
flubromazepam, clonazolam, 7-
aminoflunitraz, adinazolam, and 
zopiclone.  Cases with those 
analytes would need to be reinjected 
with cals, controls, and cases of 
interest.  

Recovery N/A Most analytes in blood exhibited a 
recovery greater than 00% (lowest 
00%).  In tissue greater than 00% 
and in serum greater than 64% 
(7AC).

Matrix Effect Matrix matched calibrators and 
controls must be used for blood and 
serum/plasma in order to report 
quantitative values.  When 
evaluating the matrix effects for 
tissue homogenate the recoveries 
and matrix effects were dependant 



on the individual tissue samples 
used.  For that reason, only those 
analytes with their own deuterated 
internal standard can be quantitated 
using this method.  

Uncertainty of Measurement N/A The UOM was set for all analytes 
(k=????).  The UOM will be 
evaluated again in one year.

Dilution Integrity The percent error from the undiluted 
vs diluted result must agree within 
20%.

Dilution integrity was evaluated at 
½, ¼, and 1/10 increments.  
Dilutions were acceptable but 
serum/plasma and tissue 
homogenates would need to be 
evaluated using the applicable 
matrix for dilution and matrix 
matched calibrators and controls.


