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INTRODUCTION
After organ transplantations the clinical therapeutic drug 
monitoring (TDM) of immunosuppressant drugs in blood is 
an important part of the therapy to prevent organ rejection. 
Cyclosporine A, Everolimus, Sirolimus and Tacrolimus 
are the most commonly  prescribed drugs for this therapy. 
Due to individually different pharmaco- kinetics, patients 
receive combinations of the immunosuppressants and the 
resulting drug level has to be monitored on a regular time 
basis. LC-MS/MS analysis methods are well established for 
this compound class. The most critical part of the overall 
application is the sample preparation step. Offl ine techniques 
are time-consuming, expensive and often inaccurate. 
Therefore automated sample preparation protocols, combined 
with LC-MS/MS, are of great interest to clinical laboratories. 
This work describes a new blood analyzer system, which 
combines automated sample tracking, sophisticated sample 
preparation, sensitive detection, and customized reporting 
for the determination of relevant immunosuppressants in a 
clinical environment. 
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EXPERIMENTAL
Chromatographic separation and MS detection were performed using a 1200 Rapid Resolution LC and 6410 
Triple Quadrupole Mass Spectrometer, both from Agilent Technologies. A Gerstel MultiPurpose Sampler with 
automated SPE was integrated into the LC-MS/MS system. In order to enable fully automated  preparation 
of the blood samples, the MPS was equipped with a monovette tray, barcode reader, ultrasonic bath, and two 
agitators. The complete system is shown in Figure 1.

The complete LC-MS/MS method parameters, including Multiple Reaction Monitoring (MRM) transitions, 
are listed in Tables 1 and 2.

Figure 1. Instrument Set-up.

Table 1. LC-MS/MS method parameters.

Table 2. MRM transitions used to for immunosuppressant monitoring.
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Figure 3. Extracted Ion Chromatograms of the Immunosuppressants.

Figure 2. Automated Sample Preparation Steps.

RESULTS AND DISCUSSION
After manually placing the blood samples in monovettes, an automated sample protocol was started 
(Figure 2).

An aliquot of the supernatant was submitted to the LCMS/MS analysis. Optimization of the LC method resulted 
in a total chromatographic elution time for the immunosuppressants and the internal standards of less than 2.5 
min (Figure 3). Depending on the additive selected (ammonium or sodium acetate) for the aqueous mobile 
phase, the compounds form ammonium or sodium adducts. During method development it was found that the 
LC-MS/MS method using sodium acetate resulted in higher sensitivity and better longterm stability.
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Figure 5. Linearity of Tacrolimus calibration curve.

The complete process was validated. The defi ned therapeutic range for Everolimus, Sirolimus and Tacrolimus 
in whole blood was 1-50 ng/mL (Cyclosporin A: 20-1000 ng/mL). A six level calibration with three replicate 
injections for each compound concentration was performed. The calibrations were linear over the range tested 
and correlation coeffi cients were > 0.99 for all compounds (Figure 5).

Figure 4. Identifi cation of the Immunosuppressants using the Quantifi er/Qualifi er Ratio and Product Ion 
Spectrum.
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Figure 6. Reproducibility data for Tacrolimus.

The presented method exhibits good within-day and day-to-day reproducibility. The coeffi cients of variation 
ranged from 5 to 10 % (Figure 6). The limits of detection were a factor of ten below the lowest calibration standard. 
The  blood analyzer has been used successfully for more than 10000 patient samples in daily routine.

CONCLUSIONS
- The described Blood Analyzer set-up enables automated sample preparation immediately followed by LC-

MS/MS - determination of immunosuppressant concentrations in whole blood.
- Automated sample tracking and customized reporting were integrated into the workfl ow.
- The sophisticated sample preparation protocol used signifi cantly reduces matrix effects.
- The LC-MS/MS method was found to be robust, precise and reproducible.
- Time- and cost saving benefi ts also have to be considered.
- In the future other compounds of interest in whole blood will be investigated using the described 

workfl ow.
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