
Direct Quantitative Bioanalysis of 
Drugs in Dried Blood Spot Samples

Paul Abu-Rabie

Bioanalytical Science and Development, PTS DMPK, 

GlaxoSmithKline, Ware, UK

(Paul.2.Abu-Rabie@gsk.com)



Dried Blood Spots (DBS)
Introduction

Ethical, Financial and Organisational Advantages

– GSK is realising the benefits

Bioanalytical Challenges

– Switching from plasma to DBS adds complexity to 

method development and sample analysis

Moving the technology Forward

– Direct analysis of DBS samples



DBS Manual Extraction
Current Generic Procedure



DETECTION

SEPARATIONHPLC / UPLC

MS/MS

DecantDirect Analysis

DBS Manual Extraction Vs Direct Analysis

Punch Spot

Add Solvent (with IS)

Mix

Centrifuge



Liquid and Gas

Jet Desorption

DART

Potential DBS Direct Analysis Techniques

First step is to get our analyte off the cards and ionised in the gas phase

Actively working with a number of technologies & partners, including, but not 
limited to………
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DART (Direct Analysis in Real Time) of DBS samples
Ionsense

• Bloodspots containing sitamaquine & proguanil

• Sensitivity 2-3 orders of magnitude off

• ASMS 2010 Millenium/Ionsense

• Improved sensitivity of DBS on glass slides

• Paper substrate more permeable to gas stream?

The DART source operates by exposing the sample to a heated

gas stream (typically helium or nitrogen) that contains long-lived

electronically or vibronically excited neutral atoms or molecules (or

‘metastables’).
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DESI (Desorption ESI) of DBS samples
Prosolia
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LC-ESI-MS/MS 
Chromatogram at 

10 ng/mL- LLQ
(API5000)

IS 

(550 ng/mL)

DESI-MS/MS 
Chromatogram

Carried out by directing electrosprayed charged droplets and 

ions of solvent onto the surface to be analyzed

Data generated by GSK & Prosolia has demonstrated ‘proof 

of concept’ for quantitation of drugs in DBS on untreated 

papers using this technique

– Conducted using 1-D automated DESI ion source 
coupled to TSQ Quantum Discovery MAX 

– DBS were cut from paper and secured to a 
microscope slide



Paper Spray Analysis of DBS samples
Purdue

HV

HVDBS Card

DBS Card

a)

b)

Paper substrate

Spray
solvent

Spray
solvent

Tissue Section

HV

HVDBS Card

DBS Card

a)

b)

Paper substrate

Spray
solvent

Spray
solvent

Tissue Section

Punch out

clip Eluent/spray solvent

MS InletPaper loaded with dried 
blood sample

hV

A)

B)

hV

Eluent/spray solvent

Chromatography paper

Attach punch 
to paper

B) Drug eluted and ionized 

by adding 35 μL of 90% 

methanol in water such 

that the solvent flowed 

through the DBS punch 

and onto the 

chromatography paper

A) Triangle containing DBS 

cut out from paper and 

analyzed by adding 50 μL 

of 9:1 methanol:water (v:v) 

and applying 3.5 kV. 

Ions are generated 

by applying a high 

voltage to a paper 

triangle wetted with 

a small volume of 

solution

LLQ’s Manual

Extraction

Paper Spray

Sitamaquine 5ng/mL 10ng/ml

Paracetamol 50ng/mL 500ng/mL



Liquid and Gas

Jet Desorption

DART

Potential Surface Sampling Techniques Available 
for DBS Direct Analysis

First step is to get our analyte off the cards and ionised in the gas phase

Actively working with a number of technologies & partners, including, but not 
limited to………
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Video of TLC-MS Interface:
5 Second DBS Extraction



TLC-MS BYPASS POSITION
Extraction Head Raised

Paper Dried Blood Spot
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TLC-MS BYPASS POSITION
Extraction Head Lowered

Paper Dried Blood Spot

HPLC
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TLC-MS EXTRACT POSITION
Extraction Head Lowered

Paper Dried Blood Spot

HPLC

PUMP
MS/MS

HPLC

COLUMN



TLC-MS BYPASS POSITION
Extraction Head Raised

Paper Dried Blood Spot

Frit

HPLC

PUMP
MS/MS

HPLC

COLUMN



1515

DBS card

MS/MS

LC-column

Spark Holland Prototype
DBS Liquid Extraction Sealing Surface Sampling 



Evaluating TLC-MS Direct Extraction Performance 
using Existing Validated Bioanalytical Methods

XIC of +MRM (2 pairs): 344.4/271.1 amu from Sample 11 (STD 1000) of FTA Elute sitamaquine Human Day 1 Blood age test 07apr09.wiff (Turbo ... Max. 7.0e4 cps.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
Time, min

0.0

5.0e4

1.0e5

1.5e5

2.0e5

2.5e5

3.0e5

3.5e5

4.0e5

4.5e5

5.0e5

5.5e5

6.0e5

6.5e5

7.0e5

7.5e5

In
te

n
s

it
y

, 
c

p
s

XIC of +MRM (2 pairs): 151.9/110.0 amu from Sample 3 (STD 50 OLD) of FTA ELUTE DAY 7 HUMAN PARACETAMOL 25MAR09.wiff (Turbo Sp... Max. 5637.5 cps.
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Paracetamol 50ng/mL

Sitamaquine 1000ng/mL

Manual 

Extraction

Manual 

Extraction

Direct Elution

Direct Elution

Using direct elution retention time 

and peak shape is retained

Order of magnitude increase in 

assay sensitivity

Direct elution comparisons used mobile phase from 

manual extraction methods as elution solvent and a 

2 seconds extraction time

P. Abu-Rabie, N. Spooner Anal. Chem. (2009), 81, 

issue 24, 10275-10284

For the manual extraction the maximum volume of 

supernatant was injected onto the column that still 

gave acceptable peak shape, for our range of 

assays 2-10µL



CAMAG TLC-MS DBS -
Sitamaquine & Paracetamol QC Accuracy & Precision

QC ng/mL Mean Precision % 

CV

Accuracy %

50 52.4 3.9 103.4

200 202.5 12.8 101.3

5000 5299.5 6.8 106.0

40000 39723.6 9.9 99.3

50000 52268.8 4.1 104.5

SITAMAQUINE 5-1000ng/mL Validation 

Set

2 second TLC-MS extraction time

Isocratic mobile phase:

10mM Methyl ammonium acetate: 

Acetonitrile (62:38 v:v)

QC ng/mL Mean Precision 

% CV

Accuracy 

%

5 5.2 5.5 104.7

20 20.9 10.2 104.4

100 110.7 13.2 110.7

800 883.7 3.0 110.5

1000 1101.7 1.1 110.2

PARACETAMOL 50-50000ng/mL

Validation Set

2 second TLC-MS extraction time

Gradient mobile phase:

1mM Ammonium acetate: Methanol (100% 

A 0-0.08mins)

P. Abu-Rabie, N. Spooner Anal. Chem. (2009), 81, issue 24, 10275-10284



DBS-MS
Prototype – moving towards High Throughput Quantitative Bioanalysis



DBS-MS Elution Optimisation

 Increase in MS response 

going from Manual to 

Direct Extraction / Fold 

 Peak Area Peak Height 

Theoretical 

Maximum 

Increase in 

Response  / Fold 

Measured Increase in 

Response (peak area) 

versus Theoretical 

Maximum / % 

Single Analyte Assays     

Sitamaquine 16 16 35.6 45 

Paracetamol 7.3 14.7 89 8 

Cassette Test Compounds     

Ibuprofen 10.7 8.9 89 12 

4-Nitrophthalic Acid 8.2 12.1 89 9 

Paracetamol 5.2 7.2 89 6 

Simvastatin 13 12.5 89 15 

Sitamaquine 14.4 10.2 89 16 

Benzethonium Chloride 3.7  3.5                                    89 4 

Proguanil 15.2 10.8 89 17 

SB243213 Internal Std 

(Pos ion mode) 

4.2 3.6 89 5 

SB243213 Internal Std 

(Neg ion mode) 

10.5 10.5 89 12 

 



Putting Together the Pieces
Developing the direct analysis instrument

Detector:

Linear 

Dynamic 

Range

Application of 

IS

Repeats -

Dilution

Card 

Handling

Spot 

Recognition

Interferences

&

MS selectivity

Robustness

Storage/

Shipping



DBS-MS Further Development
Internal Standard Addition

IS cannot be added to cards prior to sampling at 

clinic

IS must be applied at Analytical Laboratory

IS spray device integrated with Direct Elution 

instrument

Example data using ‘Touchspray’ technology 

from The Technology Partnership (TTP, UK).

QC 

ng/mL

N Whatman

FTA DMPK-B

Whatman 

FTA DMPK-A

Ahlstrom 226

%CV Accuracy %CV Accuracy %CV Accuracy

QC50 6 5.7 106.2 4.0 98.5 5.9 98.1

QC200 6 8.8 106.5 5.2 105.2 6.7 98.6

QC2500 6 9.0 100.0 5.8 105.2 4.8 106.6

QC40000 6 13.8 100.8 7.5 101.7 7.0 101.2

QC50000 6 11.6 103.4 5.4 106.4 4.7 106.3



XIC of +MRM (2 pairs): 344.4/271.1 amu from Sample 14 (STD 1000) of CAMAG SITAMAQUINE NO COLUMN 70 30 METH WATER ISOCRATIC... Max. 9.0e5 cps.
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0.31 Direct Elution using 
TLC-MS

Existing mobile phase 
gave inadequate 
sensitivity (62:38 10mM 
methyl ammonium 
acetate:MeCN) 

Optimising elution 
solvent  to 70:30 (v/v) 
Methanol:water
increased sensitivity 
significantly.

Note possibility of 
reduced run times

With HPLC

2 second 

Direct elution

Manual 

Extraction                

5µL 

injection

No HPLC

20 second 

Direct 

Elution

No HPLC

2 second 

Direct 

Elution

DBS-MS Further Development
Detection: Eliminating HPLC?

Short term – Couple Direct Elution with HPLC-MS/MS

Long term – Can we eliminate HPLC?

– Reduce costs, shorter run times

– Simplify analysis, reduce method development

Accuracy and precision test validation data for sitamaquine Direct Elution (No HPLC)        

(20 second extraction)

QC ng/mL Number of reps 

used

Precision % CV Accuracy %

20 6 of 6 2.6 102.1

800 6 of 6 2.8 104.1

What about selectivity lost in eliminating chromatographic 

separation?

Could mass resolution, MSn help?

Could this be the next big change in the detectors we use for 

quantitative bioanalysis?



DBS-MS Further Development
Detectors: Dilution

Detectors currently give us ~3 orders of magnitude linear dynamic range

What do we do about dilutions?

Preferred solution

– Detector with ~5 orders of magnitude linear dynamic range

– Increased calibration ranges

Alternative – Physical dilution post elution

What else do we need from a detector?

– We also need to consider interference from unstable conjugated metabolites 

(o-glucoronides, N-glucuronides, N-oxides, sulphates) and ion suppression 

– perhaps ion mobility or FAIMS could help here?

Sensitivity

– Respiratory compounds currently not supported by DBS due to low LLQ’s 

required

– Sensitivity gap could be filled by theoretical gains on offer from direct elution

– Nano-UPLC coupled to Waters Trizaic Nanotile (microfluidic device), Xevo

TQ-S Detector 



Conclusions

Which direct analysis method we will use?

So far direct elution has shown the most promise.  

We are working with a number of collaborators to develop the different 

issues we face in putting this technique into practice.  

Direct Analysis will have a big, positive impact on how we do 

bioanalysis.
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BACK UP SLIDES
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Comparison of MS Response:  Theoretical 
Maximum in response

Manual Extraction TLC-MS Direct Extraction

Sampling Area

Area / mm2 28.2743 50.2655

Area ratio 1 1.78

Proportion of Sample 

analysed (assuming TLC-

MS extracts entire sample)

2uL / 2% 5uL / 5% 100%

50 fold 

greater than 

TLC-MS

100%

20 fold 

greater than 

TLC-MS

Theoretical maximum 

increase in response

89* 35.6*

3mm 4mm

*Assuming 100% Extraction efficiency for both techniques



Effect of Extraction Time on Sitamaquine HPLC-
MS/MS Peak Height Response (TLC-MS)

Effect of Extraction Time on Sitamaquine Peak Height
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Testing Direct Analysis – Chemical Space 
Compound Set

Proguanil (Base) Sitamaquine (Base) 

MW 253 MW 343 

pKa 9.6(NH)         

10.3(NH) 

pKa 2.7(NH)                 

10.3(NR3) 

Log P 2.53 

 

Cl

N
H

N
H

N
H

NH NH

 
 Log P 5.59 

N

O

NH
N

 

Ibuprofen (Acid) 4-Nitrophthalate (Acid) 

MW 206 MW 211 

pKa 4.9(OH) pKa 2.6(OH) 

2.8(OH) 

Log P 3.68 

 
O

OH

 
Log P 8 

OH

O

O

OH
N

O

O  

Benzethonium Chloride (Quaternary Amine) 

MW 412 

pKa - 

Log P 4.29 

Cl

O
O

N
+

 

 

Paracetamol (Neutral) Simvastatin (Neutral) 

MW 151 MW 418 

pKa 9.4(OH) pKa - 

Log P 0.49 

 
N
H

O
OH  

Log P 4.48 

O

O
O

OOH

 
 



DBS-MS Improved Wash System

Sample % Carry Over

Nortriptylin Std 20000

20µL loop 

Single Capillary Wash Duel Capillary Wash

Blank, 20µL loop, Wash 1 3.40 0.30

Blank, 20µL loop, Wash 2 0.19 0.08

Blank, 20µL loop, Wash 3 0.08 Below LOD

Blank, 20µL loop, Wash 4 0.06 Below LOD

Sample % Carry Over

Formotorol Std 20000

20µL loop 

Single Capillary Wash Duel Capillary Wash

Blank, 20µL loop, Wash 1 4.83 Below LOD

Blank, 20µL loop, Wash 2 0.44 Below LOD

Blank, 20µL loop, Wash 3 Below LOD Below LOD

Blank, 20µL loop, Wash 4 Below LOD Below LOD

Data produced at Harlan Laboratories, Switzerland



DBS-MS Elution Optimisation

Extraction 

Number

Peak Area / cps Individual Peak Area 

Response compared 

to total (6 extractions) / 

%

1 325718.4 17.2

2 895814.6 47.3

3 385444.5 20.4

4 165614.5 8.7

5 80534.4 4.3

6 39781.3 2.1

1st Extraction

2nd Extraction

3rd Extraction

6th Extraction
5th Extraction

4th Extraction

0.5 second extraction 1 second extraction 2 second extraction 

   
3 second extraction 4 second extraction 5 second extraction 

   
8 second extraction 12 second extraction 20 second extraction 

   
30 second extraction 60 second extraction  

  

 

 

Samp le Name: "STD 100 60 SEC EXT"    Sample  ID: " "    File: " CAMAG SITAMAQUINE HUBL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: " SITAMAQUINE"    Mass(es): "344.4 /271.1 amu"

Comment: ""    Annotation: ""
Sample Index:      11     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       14:18:55  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    3     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:        Manual  

Retention Time:     1.02   min

Area:         1224967.0   counts

Height:         104849.43  cps

Start Time:        0.844   min

End Time:           1.75   min
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Samp le Name: "STD 100 30 SEC EXT"    Sample  ID: " "    File: "CAMAG SITAMAQUINE HUBL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09.wiff"

Peak Name: " SITAMAQUINE"    Mass(es): "344 .4 /271.1 amu"

Comment: ""    Annotation : ""
Sample Index:      10     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       14:15:47  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    3     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:        Manual  

Retention Time:     0.99   min

Area:         1238154.5   counts

Height:         107171.50  cps

Start Time:        0.834   min

End Time:           1.51   min
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Samp le Name: "STD 100 20 SEC EXT"    Sample  ID: " "    File: " CAMAG SITAMAQUINE HUBL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: " SITAMAQUINE"    Mass(es): "344.4 /271.1 amu"

Comment: ""    Annotation: ""
Sample Index:       9     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       14:12:26  

 

Modified:           No    

Proc. Algorithm: Analyst Classic  

Bunching Factor:    3     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.99   min

Area:         1226052.1   counts

Height:         136718.83  cps

Start Time:        0.865   min

End Time:           1.33   min
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Samp le Name: "STD 100 12 SEC EXT"    Sample  ID: " "    File: " CAMAG SITAMAQUINE HUBL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: " SITAMAQUINE"    Mass(es): "344.4 /271.1 amu"

Comment: ""    Annotation: ""
Sample Index:       8     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       14:09:23  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.96   min

Area:         1266143.3   counts

Height:         143629.75  cps

Start Time:        0.826   min

End Time:           1.27   min

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

6.0e4

6.5e4

7.0e4

7.5e4

8.0e4

8.5e4

9.0e4

9.5e4

1.0e5

1.1e5

1.1e5

1.2e5

1.2e5

1.3e5

1.3e5

1.4e5

1.4e5

In
te

n
s

it
y

, 
c

p
s

0.96

Samp le Name: "STD 100 8 SEC EXT"    Samp le ID: ""     File: "CAMAG SITAMAQUINE HUBL AHLSTROM 237 EXTRACTION TIME TEST 3 07MAY09.wi ff"

Peak Name: " SITAMAQUINE"    Mass(es): "344 .4 /271.1 amu"

Comment: ""    Annotation : ""
Sample Index:       7     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       14:05:49  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.97   min

Area:         1119376.0   counts

Height:         144598.18  cps

Start Time:        0.840   min

End Time:           1.27   min
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Sample Name: "STD  100 5 SEC EXT"    Sample ID: ""    File: "CAMAG SITAMAQUINE HUBL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: "SITAMAQUINE"    Mass(es): "344.4/271 .1 amu"

Comment: ""    Anno tation: " "
Sample Index:       6     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       14:02:46  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.96   min

Area:         842276.6   counts

Height:         132072.99  cps

Start Time:        0.798   min

End Time:           1.27   min
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Sample N ame: "STD  100 4 SEC EXT"    Sample ID: ""    File: "CAMAG SITAMAQU INE HU BL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: "SITAMAQUINE"    Mass(es): "344.4/271 .1 amu"

Comment: ""    Anno tation: " "
Sample Index:       5     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       13:59:46  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    6     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.94   min

Area:         821270.2   counts

Height:         144411.10  cps

Start Time:        0.791   min

End Time:           1.25   min
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Sample Name: "STD  100 3 SEC EXT"    Sample ID: ""    Fi le: "CAMAG SITAMAQUINE HUBL AHLSTROM 237 EXTRACTION TIME TEST 3 07MAY09.wiff"

Peak Name: "SITAMAQUINE"    Mass(es): "344.4/271 .1 amu"

Comment: ""    Anno tation: " "
Sample Index:       4     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       13:56:57  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.96   min

Area:         580755.1   counts

Height:         120865.59  cps

Start Time:        0.788   min

End Time:           1.24   min
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Sample Name: "STD  100 2 SEC EXT"    Sample ID: ""    File: "CAMAG SITAMAQUINE HUBL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: "SITAMAQUINE"    Mass(es): "344.4/271 .1 amu"

Comment: ""    Anno tation: " "
Sample Index:       3     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       13:54:06  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.96   min

Area:         468377.5   counts

Height:         111299.50  cps

Start Time:        0.837   min

End Time:           1.22   min
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Sample N ame: "STD  100 1 SEC EXT"    Sample ID: ""    File: "CAMAG SITAMAQU INE HU BL AHLSTROM 237  EXTRACTION TIME TEST 3 07MAY09 .wiff"

Peak Name: "SITAMAQUINE"    Mass(es): "344.4/271 .1 amu"

Comment: ""    Anno tation: " "
Sample Index:       2     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       13:51:10  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.94   min

Area:         125512.7   counts

Height:         33300.315  cps

Start Time:        0.830   min

End Time:           1.18   min
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Sample Name: "STD  100 0.5 SEC EXT"    Sample  ID: ""    Fi le: "CAMAG SITAMAQUINE HUBL AHLSTROM 237 EXTRACTION TIME TEST 3 07MAY09.wiff"

Peak Name: "SITAMAQUINE"    Mass(es): "344.4/271 .1 amu"

Comment: ""    Anno tation: " "
Sample Index:       1     

Sample Type:     Unknown  

Concentration:      N/A            

Calculated Conc:     0.0    ng/mL  

Acq. Date:       07/05/2009  

Acq. Time:       13:48:41  

 

Modified:           Yes   

Proc. Algorithm: Analyst Classic  

Bunching Factor:    5     

Noise Threshold:   31.83   cps

Area Threshold:  159.13   cps

Num. Smooths:       1     

Sep. Width:         0.20  

Sep. Height:        0.01  

Exp. Peak Ratio:    5.00  

Exp. Adj. Ratio:    4.00  

Exp. Val. Ratio:    3.00  

RT Window:         30.0    sec

Expected RT:        1.03   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     0.93   min

Area:         67668.2   counts

Height:         18590.691  cps

Start Time:        0.837   min

End Time:           1.08   min
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DBS-MS provides more options to optimise analyte elution.

TLC-MS elution using existing method mobile phases produced on 

average an order of magnitude increase in assay sensitivity for a 2 

second extraction.

But that 2 second extraction time is only eluting a fraction of the 

available analyte….
Optimising elution conditions will enable us to maximise assay 

sensitivity.

Using similar techniques we have already seen that optimising the 

following parameters can increase assay response:

Extraction solvent

Extraction solvent flow rate and volume

Pulsing the flow

Pre-wetting spots

The DBS-MS lets us easily modify these parameters and will help us 

accelerate the development of this technique.



DBS-MS Further Development
Automation, Storage, Robustness

Automation

– Handle batches of up to 1000 DBS cards

– Scan and accurately locate centre of spots

Integrated Storage/Shipping device

– Load DBS cards into at sampling site 

– Transport in device

– Load device directly onto direct elution instrument  

Robustness

– Control introduction of relatively dirty extracts into HPLC column 

and Mass Spectrometer.

Manual Extraction:  x500 HLQ Stds,

2µL Injections, Divert to waste, 

Wash between each sample

Direct Elution:  x500 HLQ Stds,

20 second Extraction time, No frit on 

extraction head, No divert to waste, 

No wash

Before

After

Before

After


