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Outline 

ÁEmerging issues associated with quantitative 

analysis of DBS samples 

ÁAutomation of DBS sample analysis 



  

Issues for DBS Analysis 

 

ÁHematocrit issue 

ÁRegulatory acceptance 

ÁMore difficult for the bioanalyst than 

conventional plasma approaches 



  

Impact of Hematocrit 

ÁHematocrit ValuesÀ 

ïHuman   ǁ 0.40 ï 0.52 ǀ  0.36 ï 0.48 (also age differences) 

ïCD-1 Mice  ǁ 0.36 ï 0.60 ǀ  0.35 ï 0.63 

ïSD Rats  ǁ 0.37 ï 0.51 ǀ  0.36 ï 0.49 

ïHW rats           ǁ 0.37 ï 0.50  ǀ  0.35 ï 0.48 

ïBeagle Dogs  ǁ 0.38 ï 0.60 ǀ  0.36 ï 0.60 

ïCynomolgus Monkey ǁ 0.34 ï 0.52 ǀ  0.32 ï 0.49 

 À  Human Hct values from literature, preclinical Hct values measured as 99% tolerance intervals, courtesy Alan 

Stokes, GSK 

* Denniff P & Spooner N (2010) 

Bioanalysis 2, 1385 
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DBS HCT Effect ï Validation of Assay Bias 

Curve prepared at 

HCT 45% and 

compared to QCs 

over a range of 

values 



  

But Itôs Not as Simple as That!!! 
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DBS Hematocrit Effect ï Cause 

ÁAssay bias observed with changes in hematocrit is made 

up of 3 components 

Spot Area Bias 

HCT 

Recovery Bias 

HCT 

Suppression Bias 

HCT 



  

Potential Solutions to the HCT Effect 

Recovery and ion suppression effects can be minimised 

by optimizing extraction and chromatographic methods 

How can we control the bias derived from the spot area? 

ïNovel substrate that behaves independently of 

hematocrit 

ïReduce differences in viscosity of blood samples 

ïApply a correction factor 

ïExtract, or elute the whole spot 

ïImportant consideration for development of automated 

analytical instrumentation 



  

Recent Regulatory Interaction and Opinion 

ÅPresentation to EMA Safety Working Party (Jan 2010 ï 

GSK) 

ÅPresentations to FDA (OGD, DSI, and Clin Pharm) 

ÅOct 2010 ï GSK, sanofi-aventis, and Astrazeneca  

ÅApr 2011 ï Whatman and GSK 

ÅMHRA provides update at DIA/PhRMA DBS 1-day 

symposium (2010) 



  

Recent Regulatory Interaction and Opinion 

ÅMHRA provides editorial perspective* (2010) 

ñThere are also clear ethical benefits in taking reduced sample 

volumes and the removal of satellite groups of animals from non-

clinical studies.ò 

ñThe UK Medicines and Healthcare products Regulatory Agency 

(MHRA) are fully committed to encouraging the development of 

alternative methods and actively seek to influence international 

harmonisation initiatives to ensure the protection and welfare of 

animals and to minimise the numbers of animals used. DBS is 

clearly a technique that falls into the remit of the Replacement, 

Refinement and Reduction of animals in research (3Rs), which is 

fully supported by the MHRA.ò 

 

*Beharry M. (2010) Bioanalysis 2, 1363-1364 



  

Recent Regulatory Interaction and Opinion 

ÁFDA regulatory perspective on the technique (Land 

O' Lakes Bioanalytical Conference, Wisconsin, USA, July 

2011) 

ïAs a consequence of the infancy of the technique, a conservative 

approach to its implementation was advocated 

"Although some have demonstrated DBS methodology successfully 

in some individual cases, total acceptance of this method as a 

stand alone is less likely at this time.ñ 

ïAdvised that both wet and dry samples are to be collected, albeit 

wet samples under a 'sparse sampling' paradigm 

ïMicrosampling is to be encouraged, and DBS technology can and 

should be applied where the benefits outweighs the risk 



  

Recent Regulatory Interaction and Opinion 

ÁRecent feedback to GSK from the FDA 

ïWhile concordance was exhibited between wet blood samples and 

DBS, we have been encouraged to adopt a dual-sampling 

approach 

ïDBS will be the primary samples, while a smaller, sparse-sampling approach is 

to be employed with wet blood samples 

 

ïPending continued concordance between these matrices, an 

appropriate meeting with the agency can be requested 



  

Forward Thinking 

ÁSeveral industrial groups coming together to investigate DBS 

fundamentals and find solutions 

 

 

 

 

 

 

ÁManufacturers could do more to help too 

ïExperiments to support the technology 

ïConsistency of substrate 

ïDrying times in different environments 

ïNew substrates to minimise hematocrit effect 

ïetcé 

European Bioanalysis 

Forum 
(Timmerman P et al (2011) 

Bioanalysis 3, 1787) 

International Consortium for 

Innovation and Quality in 

Pharmaceutical Development 

Global 

Bioanalysis 

Consortium  



  

Issues with Developing DBS Bioanalytical 

Methods 

ÁLimited blood volume / sensitivity 

ï3mm diam punch from a 15 µL spot is equivalent to <3 µL blood 

ïLow lower limits of quantification can be an issue 

ïInhaled & low dose drugs 

ÁChoice of card substrates 

ïRecoveries of analyte from different papers can vary 

ïChemicals impregnated into FTA DMPK A & B can co-extract with 

analyte & cause increased suppression effects 

ïNeed to improve chromatography compared to plasma methods 



  

Issues with Developing DBS Bioanalytical 

Methods Contôd 

ÁChoice of extraction solvent 

ï100% Methanol is a good starting solvent for FTA DMPK A & B 

ïMethanol:water (70:30 v/v) is a good starting solvent for FTA DMPK 

C & Ahlstrom 226 

ïAcetonitrile gives ódirtierô extracts than methanol 

ïHigh proportions of water can give very dirty extracts 

ÁManual punching of spots 

ÁIncreased complexity of assay validation 

ïHematocrit effect 

ïSpot homogeneity / variability in sample volume 

ÁLower throughput compared to plasma 

ÁMore variable assays 
 



  

DBS Method Performance 
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Increasing Automation 

ÁMay help with; 

ïManual punching 

ïThroughput 

ïSensitivity 

ïAssay variability 

ÁProvides a walk away solution 

See Abu-Rabie P (2011) Bioanalysis 3, 1675 



  

Requirements for an Automated DBS 

Analysis System 

Separation Analyte 

Elution /  

Desorption 

 

 

Card 

Handling 

Ionisation & 

MS Detection 

 

Application 

of IS 

Spot 

Recognition 

 



  

Possible Directions for Automation of DBS 

Analyses 

Technique Proôs Conôs 

Automated punching ÅComparable to current manual 

approaches 

ÅSimple to perform dilutions 

ÅIf off-line, does  not reserve 

LC-MS instrumentation 

ÅLower sensitivity 

ÅOff-line only? 

Direct Elution ÅClosely related to current 

manual approaches 

ÅMaintains chromatography 

ÅAble to perform on-, or off- line 

ÅCompatible with current LC-MS 

detection systems 

ÅAble to perform enrichment 

and clean-up 

ÅIncreased sensitivity 

ÅDifficult to perform dilutions 

ÅNew technology 

Direct Analysis / 

Desorption 

ÅPotential for very simple 

process 

ÅPotential for miniaturisation 

ÅReduced solvent use 

ÅSensitivity? 

ÅPotential for new applications 

ÅNo separation 

o Labile metabolites 

o Suppression 

ÅDifficult to perform dilutions 

ÅOn-line only 

ÅSensitivity? 

ÅNew technology 

ÅMay require new detectors 



  

Currently Available Automated Punching 

Solutions 

ÁLuminex BSD600 Duet 

 

 

 

 

 

ÁLuminex BSD1000 

 

 

 

ÁPerkin Elmer Wallac DBS 

Puncher 

 

 

 

 

ÁHudson Robotics Dried Blood 

Spot Processor 

 



  

Direct Analysis of DBS Samples 


