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Conclusion 
Far too often LC/MS methods and instruments fall short of the rigorous performance 
criteria Clinical Research Labs require for everyday testing. The complex nature of the 
samples being injected on the system and the number of samples which need to be 
processed tax the instrumentation and columns. The system suitability method we 
developed proved a valuable whole-system testing procedure and demonstrated 
consistent performance of the Prelude SPLC systems in three different locations. This 
purpose-designed testing facilitates the implementation of  rigorous evaluation 
standards for LC-MS systems used for clinical research. Availability of a standard 
system suitability test allows vendors and scientists to verify LC/MS system 
performance under controlled conditions which are similar to actual operating 
circumstances and has proven to be a valuable tool which is utilized from manufacture 
to installation of Prelude SPLC Systems. System performance was also verified by 
calibration and QC results for ISDs that matched expected values under typical 
operating conditions at two different clinical research facilities.  
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Overview 
Purpose: Describe a reliable and rugged sample preparation liquid chromatography  
system - Prelude SPLC™ - which utilizes novel pumps and fluidics configuration to 
multiplex two channels, for high-throughput LC-MS applications.  

Methods: TurboFlow™ on-line extraction coupled to high efficiency HPLC utilizing core 
enhanced technology prior to tandem mass spectrometry were optimized for 
measuring immunosuppressant drugs, drugs of abuse and steroidal compounds. 

Results: Typical throughput was 20 samples per hour while conserving consumables 
and minimizing user intervention. Quality-control (QC) sample results from three 
different Prelude SPLC systems operated at three different locations typically varied by 
less than ten percent coefficient of variation (%CV). 

Introduction 
Clinical research and forensic toxicology laboratories have a need for rapid and 
reproducible methods automated by systems that are easy-to-use and maintain. We 
describe a new  system, which encompasses a novel HPLC pump design and fluidics 
configuration, enabling the user to perform on-line sample cleanup using TurboFlow 
technology and high-performance liquid chromatography (HPLC) on two channels 
multiplexed to a mass spectrometer (MS). Reproducibility, linearity, and other 
performance data are discussed. Several applications (immunosuppressant drugs 
(ISDs), pain management drugs (PMDs), 25-OH-vitamin D and various steroids in 
blood) have been satisfactorily tested. They displayed significantly reduced solvent 
consumption and shortened run times with reproducible results. 

Methods  
Sample Preparation & Liquid Chromatography  

A Prelude SPLC system (Thermo Scientific) processed 20 uL injections of supernatants 
from protein-precipitated samples using a Cyclone-P™ TurboFlow column, transferred 
extracted analytes to an Accucore™ PFP HPLC column (2.1 x 50 mm) in which the 
analytes were separated, and then eluted to the MS system.  

Mass Spectrometry 

A TSQ Vantage™ tandem mass spectrometer (MS/MS) with heated electrospray ion 
(HESI-II) source (Thermo Scientific) was used for selective reaction monitoring (SRM) 
of analytes. 

System Control & Data Analysis 

TraceFinder™ 2.1 software was used to control the SPLC-MS system and to collect 
and process the MS/MS data. 

System Suitability 

A rigorous LC-MS/MS testing protocol was designed to determine inter- and intra-
system precision and ruggedness of the system (Figure 1). Using a test mix of four 
compounds - Atenolol, Warfarin, Lidocaine and Imipramine, in both aqueous and 
plasma matrices,  both channels on multiple Prelude SPLC systems were tested. 
%RSD values were generated for peak areas as well as retention times across 
channels and across systems.  

 

FIGURE 1. SPLC System Suitability Method and Representative Pressure Trace. 

FIGURE 2. 500 Matrix Injections - 
over 34 hrs of run time! 

FIGURE 3. Peak Area %RSDs 

Results  
Whole-System Testing Verified Performance 

To simulate a typical bio-analytical application, plasma spiked with our test mix was 
mixed with a 3-fold volume of acetonitrile and centrifuged. To test the reproducibility 
and ruggedness of the SPLC-MS/MS system, we ran a batch of 500 injections of the 
supernatant, which had a duration of 34 hours. The peak retention times and areas for 
each compound were  reproducible as illustrated in Figure 2. Without the benefit of 
smoothing or internal-standard compensation, peak area RSDs were below 9% 
(Figure 3). 

 

Inter-System Testing  was Acceptable 

While performance and ruggedness of any   
single LC-MS system is essential, inter-
system performance is equally important.  
The typical workflow from Development to 
Production of a new method relies on inter-
system ruggedness and reproducibility. For 
this reason, data from three prototype 
SPLC systems were gathered over the 
course of 5 months of testing and retention 
time performance across the three systems 
were analyzed. Reproducibility of retention 
times for each of the four test compounds 
generated from both channels of the three 
systems is summarized in  Figure 7. The 
percent coefficient of variation (%CV) 
values were calculated from A random 
selection of 9 data points for each 
compound. 

 
A Purpose-Built Method clearly showed System Performance 

Knowing that a rigorous LC-MS method with stringent data criteria would be the best 
test of the Prelude SPLC system, a method that tests for common problems with 
chromatographic separations was devised. The Suitability test has four compounds 
the first, Atenolol, the earliest eluter, is used to help elucidate problems that might exist 
with the refocusing of analytes on the analytical column. Retention time and peak 
shape differences in Warfarin and Lidocaine peaks will help detect any problems that 
may exist with gradient formation and/or column deterioration, as their RT shifts with 
compositional mobile phase differences. Imipramine is highly susceptible to 
degradation in peak shape if the mobile phases are not fresh or made precisely as 
prescribed by the method. In concert, the test mix serves as powerful diagnostic tool. 
The installation protocol for Prelude SPLC systems requires all four compounds to 
pass 20 injections (10 per channel) with RSD or CV of 10% or less with no internal 
standard correction for retention times and peak areas. Figure 8 shows typical 
performance. 
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FIGURE 4. Retention Time Drift for four compounds over 34 hrs of run time 

FIGURE 5. Pressure Trace Overlay across 34 hrs & Peak Overlay at injections  
     1,100, 200, 3 and 500 

FIGURE 8. System Suitability run of both channels of the Prelude SPLC System 

FIGURE 10. Quantitative Results Immunosuppressant Drugs 

Pressure and Retention Times were Reproducible 

While the reproducibility of raw area counts speaks to the removal of matrix effect and 
its impact on data, the burden of 500 matrix injections and its impact on the aging of 
the SPLC system and its columns can be significant. For that reason retention time 
drift, pressure trace drift and peak shape changes were evaluated for the same data 
set. As shown by Figures 4, 5 & 6, retention times, pressure traces and peak shapes 
were remarkably stable throughout the 500-injection 34-hour batch. 

System was Suitable for well-known Clinical Research Methods 

In order to asses the scope of applications for the Prelude SPLC system, popular LC-
MS methods used in clinical research were considered. Methods for steroids, pain 
management drugs, immunosuppressant drugs and 25-OH-Vitamin D2 and D3, were 
developed and evaluated. We monitored linearity within the experimental range, inter- 
and intra-day reproducibility, long-term system stability, solvent consumption as 
compared to other platforms, and other relevant parameters. Please see other posters 
for more details on some of these methods. Figure 9 shows typical quantitative results 
for the Vitamin D compounds - excellent reproducibility for peak areas and retention 
times while achieving the desired sensitivity and linearity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Even for Immunosuppressant Drug applications  

Measuring Everolimus, Sirolimus, Tacrolimus and Cyclosporin A in whole-blood 
samples presents many challenges, from sample preparation to detection of each 
analyte and internal standard by the MS/MS system. To evaluate the Prelude SPLC 
system’s ability to handle such an application, ChromSystems® multilevel calibrators 
and MassCheck® whole blood controls were processed using D12-Cyclosporin A 
(Alsachim, Illkirch-Graffenstaden, France) as the internal standard (IS) for Cyclosporin 
A and Tacrolimus-13CD2 (Toronto Research Chemicals, Canada) as the IS for 
Everolimus, Sirolimus and Tacrolimus. Typical RSDs of peak areas for the two IS 
compounds were less than 12%.Typical quantitative results, collected over a span of 
30 days from three systems in different locations - Cleveland, Baltimore and Boston, 
are shown in Figure 9. 

Solvents:  

A: Water + 10 mM ammonium formate + 0.05% formic acid 

B: Methanol + 10 mM ammonium formate + 0.05% formic acid 

C: 45% acetonitrile + 45% isopropanol + 10% acetone 
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FIGURE 7. Retention Time %CVs from 3 
different prototype systems. 

FIGURE 9. Quantitative Results – 25-OH-Vitamin D2 and D3 

Cyclosporin A QCs 
 

Level    Expected    Average     RSD 
     I              53             53           4.6% 
    II             276           260          3.5 
   III             514           515          2.1 
   IV           1111         1172          6.4 
 
 
 

Everolimus QCs 
 

Level    Expected    Average     RSD 
     I             2.3            2.3          11.7% 
    II             4.4            4.4          11.0 
   III             8.5            8.8           8.4 
   IV           28.8          28.6           6.1 
 
 
 

Sirolimus QCs 
 

Level    Expected    Average     RSD 
     I              2.9            2.9          8.5% 
    II            10.1          10.0           4.6 
   III            20.4          20.6           5.2 
   IV            38.5          38.6           6.2 
 
 
 

Tacrolimus QCs 
 

Level    Expected    Average     RSD 
     I              2.6            2.8          5.3% 
    II              7.3            7.1          6.1 
   III            16.7          16.4          4.1 
   IV            34.2          33.8          4.1 
 
 
n=15 from 3 systems within 30 days 
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