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PAL DBS Autosampler coupled 

with Waters Xevo TQD

• Autosampler manufactured in Switzerland by CTC 

Analytics; distributed in US by Leap technologies

• Designed to hold up to 160 DMPK  cards (FTE, GE); 

each has 4 circles (10 mm diam)

• Controlled by mass spectrometer inlet system 

software

• Inserts card into a clamp; pumps solvent plus internal 

standards directly through a 3mm diam area of the 

DBS and into the MS/MS system

• Can accommodate SPE/HPLC columns 



Operation of flow-through HTS PAL 

Autosampler

DBS DV SHORT 09292011.wmv



Variables

• Clamp Pressure (May depend on DBS Card)

• Clamp diameter (3mm and up)

• Extraction solvent; flow rate & time

• Internal standard – on card or in loop

Pre-load IS solution in 20 µL loop: Solvent flow carries IS through DBS:



Initial Research Plan:

• 200 µL aliquots of whole blood (EDTA)

• Spiked with C2, C8 & C16 acylcarnitines (3 
levels) in quadruplicate

• 35 µL aliquots spotted onto Whatman FTA®

DMPK cards, allowed to dry

• Eluant - 90:9.9:0.1 v/v/v methanol:water: 
formic acid at a flow rate 50 µL/min

• Internal standards in 20 µL loop

• Direct coupling to Waters Xevo TQD

• Cycle time ~ 2.5 min

PHASE I: WILL IT WORK FOR 

ACYLCARNITINES?



Standard Procedure for Analysis 

of Acylcarnitines in DBS

• Punch 6 mm diam DBS sample into well of 96-
well microplate

• Extract with MeOH plus internal stds for 30 
min

• Evaporate to dryness

• Derivatize (incubation with MeOH/HCl or 
BuOH/HCl for 30 min @ 55-60 °C)

• Cool; evaporate to dryness

• Add final matrix

• Place 96-well plate in autosampler for 
analysis by flow-injection MS/MS



Summed Spectra (precursor ion scans of m/z 

85 from 150-500): 90% MeOH at 50 µL/min

DBS 

(SAMPLE A)

BLANK (NO 

SAMPLE ; NO

INT STDS)



DIRECT EXTRACTION OF 

UNDERIVATIZED DBS SAMPLE

m/z
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Replicate Analyses

C2 C3 C4 C16 C18:1 C18

DBS_RepTest_A1 6.17 1.18 0.21 0.64 0.82 0.31

DBS_RepTest_A2 5.86 1.29 0.18 0.60 0.69 0.42

DBS_RepTest_A3 5.73 1.09 0.16 0.74 0.85 0.43

DBS_RepTest_A4 6.43 0.93 0.20 0.79 0.97 0.37

MEAN 6.05 1.12 0.19 0.69 0.83 0.38

STDDEV 0.31 0.15 0.02 0.09 0.11 0.06

CV (%) 5 14 12 13 14 14



Standard Addition Curves
y = 0.9484x + 11.734

R² = 0.922
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C2 Spike Recovery y = 0.8186x + 0.1075

R² = 0.9922

0

0.5

1

1.5

2

2.5

3

3.5

4

0 1 2 3 4 5

M
e
a
s
u

re
d

 C
o

n
c
e
n

tr
a
ti

o
n

Spiked Concentration

C8 Spike Recovery

y = 2.9029x + 2.171

R² = 0.9455
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Phase II: CDC QC Controls

• Direct analysis of CDC control DBS (blinded) 

for acylcarnitines and amino acids in a 

single, batched analysis

• Use of Cambridge Isotopes Internal Standard 

Kit (kindly supplied by Victor DeJesus, CDC)

• Include wash cycle to minimize carry-over

• Comparison of data with CDC reports



15:22:33
29-Sep-2011XEVO-TQMS#VBA244Acyl Low pool lot B162

m/z
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

%

0

100

092911_04  59 (1.928) 1: Parents of 85ES+ 
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15:55:22
29-Sep-2011XEVO-TQMS#VBA244Acyl Intermediiate pool lot B163

m/z
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CDC ACP LOW QC (Lot B162)
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15:35:12
02-Nov-2011XEVO-TQMS#VBA244AA Low pool lot 122, FR 0.05

m/z
60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

%

0

100
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16:19:37
02-Nov-2011XEVO-TQMS#VBA244AA Intermediate pool lot 123

m/z
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15:35:12
02-Nov-2011XEVO-TQMS#VBA244AA Low pool lot 122, FR 0.05

m/z
110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

%

0

100

110211_08  105 (3.450) 2: Neutral Loss 63ES+ 
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16:19:37
02-Nov-2011XEVO-TQMS#VBA244AA Intermediate pool lot 123

m/z
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CDC 
CODE C0 C3 C4 C5:1 C5

C4-OH/ 
C3-DC C6

C4-DC/ 
C5-OH C5-DC

PT 4061 8.03 5.66 0.20 0.25 0.13 0.09 0.00 0.02 0.09 0.05 0.04 0.04 0.00 0.02 0.49 0.55 0.06 0.03

PT 4062 28.03 23.11 1.27 1.55 0.15 0.12 0.00 0.02 0.11 0.08 0.04 0.05 2.68 3.02 0.45 0.46 0.04 0.02

PT 4063 29.77 34.99 1.65 2.25 0.18 0.18 1.36 1.99 1.47 2.12 0.10 0.13 0.05 0.07 0.50 0.60 0.00 0.03

PT 4064 31.45 28.40 5.73 11.10 0.18 0.21 0.00 0.02 0.15 0.12 0.28 1.57 0.03 0.05 0.42 0.55 0.47 2.10

PT 4065 11.66 11.35 0.51 0.60 0.14 0.12 0.01 0.01 0.07 0.07 0.05 0.03 0.01 0.02 0.40 0.55 0.01 0.08

C8 C10:1 C10 C14:1 C14 C16 C16-OH C18

0.05 0.02 0.00 0.01 0.02 0.02 0.04 0.03 0.08 0.07 0.41 0.63 0.00 0.02 0.24 0.45

4.80 6.04 2.30 3.77 2.25 3.05 0.03 0.06 0.04 0.07 0.43 0.85 0.00 0.01 0.22 0.65

0.13 0.11 0.09 0.13 0.17 0.19 0.04 0.11 0.06 0.13 0.78 1.19 0.00 0.03 0.41 0.99

0.09 0.09 0.05 0.07 0.05 0.10 0.04 0.05 0.06 0.11 0.56 0.85 0.01 0.02 0.32 0.62

0.02 0.02 0.01 0.02 0.01 0.03 0.04 0.04 0.06 0.10 0.82 0.93 0.02 0.02 2.29 6.39

COMPARISON OF DATA FROM CDC PT SAMPLES:  

DATA FROM LEAP  DBS-A/S  v  CDC EXPECTED VALUES



CDC 
CODE C0 C3 C4 C5:1 C5

C4-OH/C3-
DC C6

C4-DC/C5-
OH C5-DC

PT 1161 9.96 5.84 0.25 0.21 0.19 0.10 0.01 0.01 0.14 0.06 0.05 0.05 0.03 0.03 0.90 0.49 0.03 0.05

PT 1162 43.27 33.29 1.41 1.03 3.36 2.61 0.03 0.02 2.47 2.02 0.12 0.12 0.06 0.06 0.57 0.61 0.03 0.11

PT 1163 33.52 33.59 11.80 10.16 0.21 0.19 0.02 0.02 0.13 0.12 0.25 0.48 0.04 0.07 0.68 0.61 0.47 2.26

PT 1164 28.55 17.13 1.11 0.74 0.17 0.11 2.19 1.28 0.11 0.07 0.06 0.07 0.02 0.05 0.88 0.42 0.00 0.07

PT 1165 16.57 11.05 1.43 0.93 0.16 0.11 0.01 0.02 0.10 0.07 0.08 0.07 0.03 0.04 0.46 0.31 0.00 0.05

C8 C10:1 C10 C14:1 C14 C16 C16-OH C18:1 C18

0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.10 0.06 0.77 0.67 0.01 0.01 0.57 0.65 0.42 0.51

0.12 0.09 0.07 0.07 0.12 0.09 0.05 0.05 3.22 2.89 10.99 11.79 0.01 0.03 0.89 1.32 0.73 0.85

0.06 0.09 0.07 0.07 0.07 0.09 0.07 0.05 0.10 0.07 0.82 1.02 0.03 0.01 0.99 1.34 0.53 0.78

0.02 0.05 0.95 0.57 0.10 0.05 7.38 5.87 1.17 0.88 1.03 1.10 0.01 0.01 1.75 2.15 0.56 0.78

0.03 0.11 0.01 0.02 0.11 0.11 0.03 0.04 0.14 0.11 11.88 11.19 0.40 0.56 3.51 4.44 4.56 5.36

COMPARISON OF DATA FROM CDC PT SAMPLES:  

DATA FROM LEAP  DBS-A/S  v CDC PEER GROUP - CODE 60



CDC LOT# VAL LEU/ILE MET PHE TYR CIT

- ENDOG - ENDOG - ENDOG -ENDOG - ENDOG - ENDOG

BP (#121) 191 0 0 253 0 0 24 0 0 93 0 0 75 0 0 38 0 0

BP (#121) 195 0 0 216 0 0 30 0 0 84 0 0 69 0 0 53 0 0

LP (#122) 452 259 250 490 255 200 137 110 100 229 140 150 302 230 250 84 38 50

LP (#122) 457 264 250 404 169 200 115 88 100 254 165 150 346 274 250 76 30 50

IP (#123) 674 481 600 835 600 500 191 164 250 446 357 400 607 535 500 218 172 150

IP (#123) 670 477 600 750 515 500 203 176 250 472 383 400 614 542 500 199 153 150

HP (#124) 1088 895 1000 1022 787 800 485 458 500 661 572 600 773 701 750 293 247 300

HP (#124) 1161 968 1000 1087 852 800 380 353 500 706 617 600 937 865 750 263 217 300

AMINO ACID VALUES IN CDC QC SAMPLES:

COMPARISON OF LEAP DBS-A/S WITH CDC 

TARGETS



Example: Citrulline in DBS - Research Plan

• Make 4 calibrators from normal whole blood 

spiked with 0, 25 50 and 100 µmol/L citrulline; 

spot onto DMPK DBS cards & dry

• Make up internal standard solution: L-citrulline-

2,3,3,4,4,5,5 d7 (50 µmol/L) for loop injection via 

DBS autosampler

• Analyze calibrators in triplicate; specimens with 

known citrulline concentration

Development of new DBS assays (e.g. 

second-tier tests based on MS/MS)



Neutral loss (63 Da) scan for dibasic 

amino acids 
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y = 0.0084x + 0.2595
R² = 0.993
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Citrulline Results

Sample ID

Citrulline

µmol/L Mean

Citrulline 

by AAA

Subject A, #1 30.7 30.1

Subject A, #2 29.4

Subject B1 #1 33.0 34.2

Subject B1 #2 35.4

Subject B2 #1 30.6 30.8

Subject B2 #2 31.0

Control 1 #1 32.9 30.9 30.0

Control 1 #2 28.0

Control1 #3 31.7

Subject C #1 18.3 18.9 16.7

Subject C #2 19.5



Summary

• Device is robust, requires little maintenance

• Time and cost-saving features are attractive

• Contamination of MS system needs to be 
managed (e.g. by using flow diverter valve during 
system back-flush & wash cycles)

• Overall, results of QC testing are good, with 
exception of poor recovery of dicarboxylic ACPs –
may be improved by using higher flow-rate

• Will require PKU cards designed to fit system

• May be valuable for second-tier tests that use 
MS/MS
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