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TP #41 

Over the last 10 years the quantitation of immunosuppressive drugs has been subject to 

continuous improvements of the analytical methods in order to optimize cost, time, and 

accuracy of analysis results. The transfer of immunoassays to liquid chromatography 

coupled with tandem mass spectrometry (LC-MS/MS) has significantly improved all these 

criteria but has not reduced the analytical time below a minute. The Laser Diode Thermal 

Desorption (LDTD) represents a technological breakthrough that removes the 

chromatographic step and significantly increases the analytical throughput for the 

quantitation of Tacrolimus, Sirolimus, Everolimus and Cyclosporin A in the field of 

clinical analysis. 

LDTDÊ Ionization Source: 
 

The LDTD uses a Laser Diode to produce 

and control heat on the back of the sample 

support (Figure 1) which is a 96-well plate. 

The energy is then transferred through the 

sample holder to the dry sample which 

vaporizes prior to being carried by a gas in a 

corona discharge region. High efficiency 

protonation with strong resistance to ionic 

suppression characterize this type of 

ionization, and is the result of the absence of 

solvent and mobile phase. This allows for 

ultra-fast high throughput capabilities of 9 

second sample-to-sample analysis time, 

without carry over. 

 

Operation optimization : 
 

As with other APCI sources, the solvent free LDTD ionization 

demonstrates less ion suppression compared to ESI. Nevertheless, 

some conditions must be respected to achieve optimal operation. 

The corona discharge capacity at a typical current value of 3 µA 

allows a flow of charge of 10-10 M/sec. User must vaporize less 

than this maximum capacity to achieve optimal region with no ion 

suppression, where LDTD performs at its best (Figure 2). This 

does not mean extensive sample treatment but simply adjusting 

volume ratio, the right solvent, and deposited volume on plate.  

Test and manipulations 

Figure 1  Schematic of the LDTD ionization source. 

Figure 2 

Instrumentation   
Å LDTD model S-960, Phytronix Technologies 

Å QTRAP® 5500 Systems with SelexIONÊ technology, AB SCIEX 

LDTD Parameters 
Å Laser power pattern : 

ü Increase laser power to 55 % in 6.0 s 

ü Maintain 1 sec 

ü Decrease laser power to 0 % 

Å Carrier gas flow : 3 L/min (Air+NH3 trace) 

Sample preparation 

Aliquots of human blood samples were sent to Phytronix laboratories to be analyzed by LDTD-MS/MS: 

Á6 Calibrators for standard curve Sirolimus, Everolimus, Tacrolimus and Cyclosporine A 

Á2 Level controls  

Á16 Real Patient whole blood samples 

Á4 Sirolimus 

Á5 Cyclosporine A 

Á3 Everolimus 

Á4 Tacrolimus 

All values are compared with the LC-MS/MS for cross-validation 

All samples are run in triplicate to assess data quality and demonstrate robustness of the method 

Extraction volume can be scaled up or down to match laboratory preparation instrument volume capacity 

Extraction reproducibility is tested by extracting 6 times the calibrators 4 and 5  

System reproducibility is evaluated by analyzing 6 times each extract 

Precipitation solution : 0.2N ZnSO4 in 20:80 H2O:MeOH (with Internal Standard) 

 

Recommended extraction procedure 

 

Å62.5 µl of Precipitation solution in a 500 µl Eppendorf 

Å25 µL of whole blood sample 

ÅVortex 30 seconds 

ÅWait 5 minutes 

ÅCentrifuge 4 minutes 

ÅAdd 50 µL H2O 

ÅAdd 125 µL of MTBE  

ÅVortex 30 seconds 

ÅLeave 1 minute for phase separation 

ÅTransfer 90 µL of organic phase (top layer) 

ÅAdd 10 µL of EDTA solution (200 µg/mL in H2O:MeOH:NH4OH (20:75:5)) 

ÅVortex 

ÅDeposit 2 µL on LazWell plate and let dry 

Compound Q1 Q3 
Collision Energy 

(CE) 

Sirolimus 931.4 864.3 25 

Sirolimus-d3 934.4 864.3 25 

Everolimus 975.4 908.4 25 

Everolimus-d4 979.4 912.4 25 

Tacrolimus 821.4 718.3 25 

Ascomycin 809.5 756.3 25 

Cyclosporin-A 1219.8 1184.6 20 

CyclosporinA-d4 1223.8 1188.6 20 

 

Å Ionization mode: Positive 

Typical desorption profile Calibration Curves 

Another set of 120 whole blood samples containing 

Cyclosporine A were analyzed in a second study for method 

comparison. Both methods agreed, with concordance 

correlation coefficient of 0.99 (95% confidence interval 0.982 ï 

0.991) and Person p Ó0.99. The passing-Bablok regression 

revealed no significant deviation from linearity (Cusum test, 

P=0.11), Figure 3. Bland and Altman plot showed that the 

mean bias of the two methods was +0.9 (1.96 SD, -19.7 to 21.6) 

ng/mL. 

LC-MS/MS versus LDTD-MS/MS 

Example  of Calibrator 5 extract #1 

(6 desorption peaks in one file) 

 

Cyclosporine A  and IS 

Reproducibility Tests 

ÅExcellent linearity and reproducibility for all the immunosuppressant drugs  

ÅLow and High Control levels within reported ranges for All drugs 

ÅExcellent correlation between LC-MS/MS and LDTD-MS/MS 

ÅExtraction reproducibility range from 1.7 to 8.0% (all compounds) 

ÅAnalysis reproducibility range from 1.0 to 13.6% (all compounds) 

ÅEasy and fast analysis of all 4 immunosuppressant drugs in 9 seconds 
Table 1: MRM Transitions 

Figure 3: Statistical correlation analysis  * 

* Jourdil et al. ASMS 2012, Vancouver, Canada **For Research Use Only. Not for Use in Diagnostic Procedures 


