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Monitoring benzodiazepines in meconium is important for identifying potential health risks and 

treatment options for exposed newborns. Meconium analysis is complex as a result of its 

heterogeneous composition, consisting of epithelial cells, mucus, lanugo, bile acids and salts, 

sugars, lipids, pancreatic and intestinal secretions, and more. When using liquid chromatography 

coupled with mass spectrometry (LC-MS/MS), this difficult matrix causes significant ion 

suppression or ion enhancement of the analytes of interest. Therefore, it is imperative that sample 

preparation procedures are used to minimize these matrix effects. Unfortunately, these 

procedures are often very time consuming and labor intensive. Adding to the time and 

complexity of analyzing benzodiazepines in meconium is the fact that benzodiazepines are 

extensively metabolized, producing many glucuronide conjugates. Furthermore, there is a finite 

quantity of meconium available, so minimizing the required sample mass for the method will 

help conserve the patient specimen for other analyses.  

To minimize the analysis time, the initial sample preparation used vortex mixing of the sample 

matrix with water instead of rigorous homogenization. This initial extraction with water was 

followed by hydrolysis in situ, meaning hydrolyzing the dirty matrix without requiring an 

additional extraction, for just 1 hour at 55 °C. This was accomplished using IMCSzyme
TM

, 

which is a genetically engineered beta-glucuronidase enzyme optimized for rapid hydrolysis.  

Following hydrolysis, the solution was first treated with acetonitrile to precipitate proteins. 

Subsequently, the supernatant (following centrifugation) was transferred to a clean vial, and the 

solution was rapidly extracted using disposable pipette extraction (DPX). DPX is a solid phase 

extraction method that incorporates loosely contained sorbent in a pipette tip between a frit at the 

narrow bottom end of the tip and a barrier at the wider top end. These tips allow for simple and 

fast clean-up methods, taking less than sixty seconds for the solid phase extraction procedure. As 

shown below in Figure 1, the basic premise of the technology is that a “dirty” solution is 

aspirated into the tip, then air drawn into the tip to mix the solution with the sorbent, and lastly, a 

clean solution is eluted. This process, requiring only 25 mg of sample, permits rapid 

equilibration and selective retention of the matrix components, leaving the analytes of interest in 

the clean eluted solution. 



The method was evaluated for percent recovery and percent ion suppression for each 

benzodiazepine. Ten common benzodiazepines and/or metabolites were evaluated, 7-

aminoclonazepam, clonazepam, α-hydroxyalprazolam, alprazolam, nordiazepam, diazepam, 

midazolam, oxazepam, lorazepam, and temazepam. All recoveries were greater than 50% (55% 

to 81%) and percent ion suppression did not exceed 45% for any analyte. A ten point calibration 

plot covering the range of 5 ng/g to 1000 ng/g with four replicates at each concentration was 

used to evaluate the linear regression for this method, and all compounds had correlation 

coefficients above 0.994 with slopes ranging from 0.9948 to 1.0414 and y-intercepts below the 

limit of quantitation (LOQ). The limits of detection (LODs) ranged from 0.5 to 2.1 ng/g and the 

LOQs ranged from 1.5 to 6.4 ng/g, though thresholds were set at 5 to 10 ng/g. The average 

between-run imprecision, represented by the percent coefficient of variation, was 10.2% or 

below for each benzodiazepine at each concentration tested (100ng/g and 1000ng/g), and the 

total imprecision was found to be less than 13% for each analyte.  

Lastly, a blind study of 35 patient samples was done with a collaborating lab (ARUP 

Laboratories).  ARUP determined benzodiazepine concentrations by an in-house hydrolysis, 

solid phase extraction, and LC-MS/MS method. We evaluated the patient samples in triplicate. 

The relative standard deviations ranged from 0.04% to 40% with an average of 8.0%. The 

correlation of this method’s results with the corresponding lab’s results was over 92%, as shown 

in Figure 2. It is noteworthy that our method provided identical qualitative results as the 

collaborative laboratory. The success of the blind study indicates that this fast method of analysis 

can be used to rapidly identify and quantitate these 10 common benzodiazepines in meconium.  

 

 

 

 

 

 

 

 

Figure 1. Schematic of the DPX cleanup method, comprising the steps of aspirating, mixing and 

dispensing a clean solution.  
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Figure 2.  Correlation of the quantitative results obtained by the collaborative laboratory using 

their standard protocol compared to our DPX method with rapid hydrolysis. 
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