©
@Glamsmthl{lme

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)




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
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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

DIRECT DESORPTION
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DART (Direct Analysis in Real Time) of DBS samples
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DESI (Desorption ESI) of DBS samples
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Paper Spray Analysis of DBS samples
Purdue

DBS Card
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Chromatography paper o

LLQ’s \WETIVEL Paper Spray
Extraction

Sitamaquine 5ng/mL 10ng/ml

Paracetamol 50ng/mL 500ng/mL
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TLC-MS BYPASS POSITION
Extraction Head Raised
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Dried Blood Spot




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



TLC-MS BYPASS POSITION
Extraction Head Raised
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Dried Blood Spot




Spark Holland Prototype
DBS Liquid Extraction Sealing Surface Sampling
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Evaluating TLC-MS Direct Extraction Performance
using Existing Validated Bioanalytical Methods

" Using direct elution retention time
P AbuRabie, . Spooner Anal. Chem. (2005), 81, and peak shape is retained
Direct Elution
Order of magnitude increase in
assay sensitivity
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CAMAG TLC-MS DBS -
Sitamaquine & Paracetamol QC Accuracy & Precision
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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
Paracetamol

Cassette Test Compounds
Ibuprofen
4-Nitrophthalic Acid
Paracetamol
Simvastatin
Sitamaquine
Benzethonium Chloride
Proguanil
SB243213 Internal Std
(Pos ion mode)
SB243213 Internal Std
(Neg ion mode)

16 16
7.3 14.7

10.7 8.9
8.2 121
5.2 1.2
13 12.5

10.2
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Putting Together the Pieces

Developing the direct analysis instrument

Robustness

DeFector: Interferences
Linear

Dynamic

Dilution




DBS-MS Further Development
Internal Standard Addition

QC \ Whatman Whatman Ahlstrom 226
ng/mL FTA DMPK-B FTA DMPK-A

%CV Accuracy %CV Accuracy %CV Accuracy
QC50 5.7 106.2 4.0 98.5 5.9 98.1
QC200 8.8 106.5 5.2 105.2 6.7 98.6
QC2500 9.0 100.0 5.8 105.2 4.8 106.6
QC40000 13.8 100.8 7.5 101.7 7.0 101.2

QC50000 11.6 103.4 5.4 106.4 4.7 106.3




DBS-MS Further Development
Detection: Eliminating HPLC?

XIC of HVRM (2 pairs): 344.4/271.1 arru from Saple 14 (STD 1000) of CAMAG SITAVAQUINE NO COLUMN 70 30 METH WATER ISOCRATIC.

Short ferm - Gouple Direct Elution with I'_Ipbﬁ;eMEfMﬁn ssing Ve 8055
Lang t&ffft™ Can we eliminate HPLC? ~ TLC-MS
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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




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

Direct guantitative bioanalysis of drugs in dried blood spot samples
using a thin-layer chromatography mass spectrometer interface

M. Barfield, N. Spooner, R. Lad, S. Parry, S. Fowles (2008) J.

Chromatogr. B 870, 32-37

Application of dried blood spots combined with HPLC-MS/MS for the
guantification of acetominophen in toxicology studies

N. Spooner, R. Lad, M. Barfield (2009) Anal. Chem. 81, 1557-1563

Dried blood spots as a sample collection technique for the
determination of pharmacokinetics in clinical studies: considerations
for the validation of a quantitative bioanalytical method




Manual Extraction

TLC-MS Direct Extraction

Sampling Area

Area / mm?

28.2743

50.2655

Area ratio

1.78

Proportion of Sample
analysed (assuming TLC-
MS extracts entire sample)

2uL / 2% SuL / 5%

100%

50 fold
greater than
TLC-MS

100%

20 fold
greater than
TLC-MS

Theoretical maximum
Increase in response

89* 35.6%

*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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Proguanil (Base) Sitamaquine (Base)
MW 253 MW 343

pKa | 9.6(NH) : pKa | 2.7(NH)
10.3(NH) 10.3(NR3)
LogP | 2.53 LogP | 5.59

Ibuprofen (Acid) 4-Nitrophthalate (Aci
MW 206 MW 211

pKa 4.9(0H) o pKa 2.6(OH)
HO 2.8(OH)
LogP | 3.68 LogP |8

Benzethonium Chloride (Quaternary Amine)
MW 412 cr

o Oy
pKa |- ‘ \D
LogP |4.29

Paracetamol (Neutral) Simvastatin (Neutral)
MW 151 MW | 418

oKa | 9.4(0H) /(j ij pKa |- q&

LogP |0.49 Log P




DBS-MS Improved Wash System

Sample % Carry Over

Nortriptylin Std 20000 Single Capillary Wash Duel Capillary Wash
20pL loop

Blank, 20uL loop, Wash 1 3.40 0.30

Blank, 20uL loop, Wash 2 0.19 0.08
Blank, 20uL loop, Wash 3 0.08 Below LOD
Blank, 20uL loop, Wash 4 0.06 Below LOD

Sample % Carry Over

Formotorol Std 20000 Single Capillary Wash Duel Capillary Wash
20uL loop

Blank, 20uL loop, Wash 1 4.83 Below LOD

Blank, 20uL loop, Wash 2 0.44 Below LOD
Blank, 20uL loop, Wash 3 Below LOD Below LOD
Blank, 20uL loop, Wash 4 Below LOD Below LOD




DBS-MS Elution Optimisation
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DBS-MS Further Development

Automation, Storage, Robustness

Direct Elution: x500 HLQ Stds,

20 second Extraction time, No frit on
extraction head, No divert to waste,
No wash

Manual Extraction: X500 HLQ Stds,
2L Injections, Divert to waste,
Wash between each sample




