
Patrice Tremblay1, Paule-Émilie Groleau2, Christiane Ayotte2, Pierre Picard1 and Edith Viel2
1Phytronix Technologies, Québec, Canada, 2INRS-Doping Control, Laval, Québec, Canada

OVERVIEW
Purpose
– High-throughput Screening and Quantification of Doping Agents in Urine Sample. 
– Laser Diode Thermal Desorption technology (LDTD).

Method
– Hydrochlorothiazide, Prednisone, Benzoylecgonine, Modafinil Acid spiked in human urine.
– Liquid-liquid extraction in acidic and basic buffers with ethyl acetate. 
– Nominal calibration range : 5 ng/mL to 500 ng/mL.
– Blanks and positif tested urine samples.
– LDTD-APCI-MS/MS analysis : Laser Diode Thermal Desorption coupled with triple 
quadrupole mass spectrometer.

Results
• Good linearity over the calibration range.
• Good method selectivity.
• Excellent precision ranging from 5.7 to 11.2 %. 
• Fast sample-to-sample analysis : 6 seconds per sample (3 seconds for sample 
desorption) .

INTRODUCTION

LazWell TM Plate (Figure 2)
– Standard 96-well plate format.
– Low volume delivery (from 1 to 10 µL of sample per well).
– No carryover.
– No enhancement matrix needed.
– No sample desalting needed.
– No liquid mobile phase needed.
– Sample dried at room temperature.

METHOD

Figure 2 LazWellTM sample plate

Instrumentation (Figure 3)
– LDTD model T-960, Phytronix Technologies
– TSQ® QuantumTM Ultra AM, Thermo Fisher Scientific 

Figure 3 LDTD-MS/MS analytical system
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Calibration Curves
The calibration curves were evaluated over a nominal range of 5 ng/mL to 500 ng/mL (Figure 5 ). The 
desorption time for all compounds was 6 seconds. Blank analysis were used to calculate the LOD (3-time the 
signal value expressed in concentration) to be 0.4 ng/mL for hydrochlorothiazide and benzoylecgonine,             
2 ng/mL for prednisone and 3 ng/mL for modafinil acid (Figure 6 , benzoylecgonine example). The linearity was 
acceptable for all compounds (Table 2).

High-Throughput Screening and Quantification 
The analysis sequence : - Coronna discharge stabilization (2.0 seconds)

- Sample desorption (3.0 seconds)
- Baseline stabilization (1.0 seconds)

These steps lead to a sample-to-sample run time of 6 seconds offering high-troughput doping agents analysis.

– Fast doping agents screening and quantification.

– Good signal linearity over 5 to 500 ng/mL.

– Excellent precision based on RSD’s analysis.

– Suitable method for doping quantification in human urine.

The detection of performance-enhancing drugs in sports is a great analytical challenge. Methods 
must achieve fast screening and accurate identification of a wide variety of compounds. LDTD-
MS/MS is used for high throughput analysis of a diuretic (Hydrochlorothiazide), two stimulant 
metabolites (Modafinil acid and Benzoylecgonine) and a corticosteroid (Prednisone). The 
innovative design of LDTD allows a rapid laser thermal desorption of the sample under 
atmospheric condition followed by an APCI process prior to introduction of the ions into the MS 
system. The characteristics of the LDTD system are :  

Figure 1 Schematic of the LDTD ionization source
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MS Parameters
– APCI (Table 1) 
– Scan time : 0.05 s
– Scan width : 0.10 
– Q1 width : 0.70 amu
– Q3 width : 0.70 amu
– Others (Table 1)

LDTD Parameters
– Laser power pattern :

– Increase laser power to 35 % in 3.0 s
– Decrease laser power to 0 %

– Carrier gas flow : 3.0 L/min (Air)
– Corona voltage value : 5 kV
– Deposited sample volume: 2 µL

Sample Preparation 

Table 1 Chemical structures, molecular weight, APCI mode, SRM transitions, collision 
energy (CE) and tube lens (TL) values for the targets compounds.

Method Precision
The within-run accuracy and precision were evaluated on standard area ratio.  All standards were injected in triplicates 
and each RSD % on the area ratio (Compound area/ISTD area) was calculated. The mean RSD % obtained (for all 
standard concentrations) were 10.6±4.2 % for benzoylecgonine, 5.7±4.2 % for hydrochlorothiazide, 11.2±2.3 % for 
prednisone and 11.0±3.2 % for modafinil acid. For this study, two different ISTD not related to the target compounds 
were added. Instead, using a deuterated ISTD related to one of the target compound might have improved the precision 
on the analysis.

LDTD-MS/MS for Unknows Quantification
Real positive urine samples were analyzed with the LDTD and the obtained concentrations are reported in Table 4. The 
samples were previously analyzed in accordance with INRS screening methods and 1 doping agent was found in each 
sample (concentrations not available). The LDTD method allows to determine positive sample for hydrochlorotyhiazide, 
prednisone and benzoylecgonine. For modafinil acid, a co-extract substance seems to interfere in positive samples 3 
and 4 (where prednisone and benzoylecgonine were detected) eventhough those doping agents were not detected in 
INRS’s GC/MS screening. No cross-contamination was observed between the four doping agents and, accordingly to 
Table 3 , these interferences do not seem to come from substances extracted in the matrix. Therefore, more work needs 
to be adress to identify those co-extract interferences.

Figure 5 Calibration curves for A) hydrochlorotiazide, B) modafinil acid, 
C) prednisone and D) benzoylecgonine. 

Figure 6 Desorption profile for 
benzoylecgonine blank and CS1 samples. 

Blank
AA : 941

CS1 (5ng/mL)
AA : 35504

LDTD-APCI Mass Spectrum
Laser Diode Thermal Desorption (LDTD) is a ionization source that favors the detection of major ions as [M+H]+

or [M-H]- (Figure 4 ) without forming adducts or clusters as no mobile phase or enhancement matrix are used. It 
allows easy compound identification which is crucial for screening purpose.  Using QuickQuanTM software, the 
inlet parameters are optimized in less then 10 seconds per compound increasing the throughput of the 
screening.

Figure 4  Benzoylecgonine [M-H]- fragmentation spectrum.

Parent [M-H]-

Selected fragment for quantification
[M-122]- Blank Urine Sample Analysis

Five (5) negative control blank human urine samples were analyzed to evaluate potential interference. No interference 
from urinary matrix was detected over the limit of detection for the target compounds. 

Table 3  Blank urine samples analyzed with LDTD-MS/MS.

Weighting factor 1/x

Table 2  Calibration curves parameters.

 Benzoylecgonine Modafinil 
Acid 

Hydrochloro-
thiazide 

Prednisone 

R2 0.9818 0.9912 0.9862 0.9627 
Slope (area 
ratio/concentration)  0.01066 0.001269 0.001968 0.000301 

y-abciss 0.03440 -0.004999 0.000679 0.007955 

 

A

Hydrochlortiazide
Y = 0.000679049+0.00196772*X   R^2 = 0.9862   W: 1/X
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Prednisone
Y = 0.007955+0.000300712*X   R^2 = 0.9627   W: 1/X
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Benzolecgonine
Y = 0.0344031+0.0106576*X   R^2 = 0.9818   W: 1/X
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D

Modafinil Acid
Y = -0.00499938+0.00126937*X   R^2 = 0.9912   W: 1/X
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Prednisone (358.428 g/mol) 

APCI  (-) 
SRM  327.18 – 285.00 

CE  25 
TL   90 

 

 
 

Hydrochlorothiazine  (297.742 g/mol) 
APCI  (-) 

SRM  296.00 – 205.00 
CE  28 
TL   40 

 
Benzoylecgonine (289.326 g/mol) 

APCI  (+) 
SRM  290.20 – 168.10 

CE  18 
TL   51 

 
 

Modafinil Acid  (274.351 g/mol) 
APCI  (-) 

SRM  273.00 – 165.20 
CE  45 
TL   40 

 

 Blank 1 Blank 2 Blank 3 Blank 4 Blank 5 

Hydrochlorothiazide  < LOD < LOD < LOD < LOD < LOD 

Modafinil acid < LOD < LOD < LOD < LOD < LOD 

Prednisone < LOD < LOD < LOD < LOD < LOD 

Benzoylecgonine < LOD < LOD < LOD < LOD < LOD 

 

Table 4  Doping agent concentrations in real positive urine samples with LDTD-MS/MS.

1 Concentrations no available, 2 Higher then the limit of linearity

  Positive 1 Positive 2 Positive 3 Positive 4 

GC-MS/MS Doping agent 
detected 1 Modafinil acid Hydrochlorothiazide Prednisone Benzoylecgonine 

Hydrochlorothiazide < LOD 49612 ng/mL < LOD < LOD 

Modafinil acid 273612 ng/mL < LOD 38 ng/mL 18 ng/mL 

Prednisone < LOD < LOD 140 ng/mL < LOD 
LDTD-MS/MS 

Benzoylecgonine < LOD < LOD < LOD 226 ng/mL 

 

LDTD (Figure 1)
– Plug-and-play ionization source interface to most popular mass spectrometer.
– Thermal desorption induced by a laser diode.
– The sample is carried by a carrier gas (air) to a corona discharge region for APCI.
– Loader up to 10 LazWellTM plates.

- 2.5 mL of human urine    - 2.5 mL of human urine  
- Phosphate buffer pH 5.0 (saturation)   - Carbonate buffer pH 9.0 (saturation) 
- Vortex for 5 sec.   - Vortex for 5 sec. 
- 4 mL of Ethyl acetate   - 4 mL of Ethyl acetate 
- Agitate for 10 min.   - Agitate for 10 min. 
- Centrifuge for 10 min.   - Centrifuge for 10 min. 

- Combine acidic and basic ethyl acetate extracts containing ISTD  
[paracetamol for APCI(+) and Chloramphenicol for APCI(-)] 

- Transfer Manually  2.0 µL onto LazWellTM to perform LDTD-MS/MS analysis 
 


