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A systematic approach was taken to optimize the combined reverse phase (RP) solid phase 

extraction (SPE), RP liquid chromatography (LC), and mass spectrometry / mass spectrometry 

(MS/MS) conditions to achieve the following goals:  maximize automation / minimize labor and 

cycle time, maximize applicability to the widest range of drugs encountered in pain management 

(PM), and scale the combination of sample size and SPE / LC separations to pre-concentrate the 

sample sufficiently to make all of the drugs (even the challenging ones) relatively easy to 

measure on a routine basis.  Total automation of SPE-LC-MS/MS (urine in vial/tube/plate to 

results) with a 5 minute cycle time was achieved, and all drugs were readily measured across the 

full relevant concentration range.  The process of achieving balance in all the parameters and 

scaling / optimizing the separations will be described. 

 

SPE optimization performed: 

• Head-to-head comparison of silica- and polymer-based SPE sorbents to improve the 

measurability of the most difficult to measure drugs  

• Measuring drug breakthrough (via LC-MS/MS) when loading sample on SPE cartridge 

• Buffering sample to minimize drug breakthrough during SPE 

• Changing solvents and buffering for SPE cartridge conditioning solutions to minimize 

breakthrough and compare with no conditioning 

• Changing solvents and buffering for SPE drug washing solutions to minimize 

breakthrough 

• Changing solvents and buffering for drug elution solutions while measuring drug 

recovery 

• Optimize elution volume and collection to heart cut only the most concentrated portion of 

the SPE elution 



• Measure the adsorption capacity of SPE sorbents and scale the sorbent mass and sample 

volume to pre-concentrate the samples sufficiently to make all target drugs readily 

measurable on a routine basis 

• Optimize all SPE robotics steps (including injection of sample into LC/MS/MS) to 

minimize sample-prep cycle time 

 

 

LC optimization performed: 

Measuring the effect of solvent and pH from on LC retention, peak shape, and separation, then 

adjusting SPE solvent and pH, as well as LC injection volume, to achieve optimal LC 

performance (good peak shape and drugs separated from each other) 

Examination of different LC columns under a variety of mobile phase solvent and buffering 

conditions to achieve both best performance (peak shape and separation) and speed (minimize 

cycle time) 

Examination of different LC column temperatures and flow to achieve both best performance 

(peak shape and separation) and speed 

Adjusting LC gradient conditions to compress time to a minimum while maintaining drug 

separation 

 

MS/MS optimization performed: 

Tuning MS ion source for new solvent flow 

Implementation of both positive and negative ion MRMs simultaneously to measure both acidic 

and basic drugs simultaneously 

Optimization of LC mobile phase buffering to measure both acidic and basic drugs 

simultaneously using MS 

 

Result: Totally automated SPE-LC-MS/MS that measures all desired drugs at all the relevant 

concentrations using one method having a cycle time 5 minutes 


