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Dried Blood Spots ïTimeline of Implementation

Dried Blood Spots are not inherently a new technology

ïA sampling technique has been around for >40 years!

ïWidely attributed to Robert Guthrie in the early 1960s
First reported the use of DBS as a simple method for blood collection and 
detection of phenylketonuria in newborns

Application to therapeutic drug monitoring

ï6 Years Ago (2004-2005)
2 manuscripts detail the application of DBS to discovery-stage PK and 
metabolite identification ïMerck Frost

ïPresent Day
Potential application to routine drug development was realized within GSK 
in 2006

Quickly saw the broadly applicable advantages offered by DBS



External pressures to our industry:

ïTo deliver high-quality pharmacokinetic (PK) data in the 
shortest possible timeframe

Requires us to accurately and precisely collect, ship, store, 
and analyze thousands of biological samples

ïTo Reduce, Refine and Replace (3Rôs) the use of animals 
in drug development.

Challenge to collect adequate samples while staying within 
acceptable total blood collection volumes and avoiding 
excess animal use

Why now? Why are we here?

Dried Blood Spots (DBS) potentially provide a novel way of 

addressing these challenges within the industry



Current Issues Within PK/TK Sampling

Plasma is the gold-standard matrix ----- Requires large 

blood volumes to be collect

Rodents are most used animals in drug design& 

development

ïSerial vs. composite sampling

ïTerminal bleeds in mice

Specialized rodent models 

ñBetter Medicines for Childrenò Regulation(s)

ïIncreased requirement for pediatric PK and juvenile TK 

studies



Blood Spot Cards ïWhat are they?

GSK primarily uses Whatman

(GE Healthcare) cards

ïDMPK-A (FTA®)

ïDMPK-B (FTA Elute ®)

Both contain additives to 

lyse cells (anti bacterial) and 

denature protein

ïDMPK-C 

Untreated card

Other vendors are beginning to 

make and distribute a variety of 

cards

ïAhlstrom



Blood Spot Collection

Blood from animal/human 
spotted onto collection card

Aliquot 15ɛL blood per spot

ïAt least 3 spots per 
sample timepoint 

ïUsing a pipette or 
capillary

Dry for 2 hours at room 
temperature

Ship & store in sealable 
bags containing desiccant



Why is GSK interested in Implementing DBS?
Advantages

Primary advantage is the reduction in collection volume 

which:

ï3Rs implications (cost and ethical benefits)

ïFacilitates pediatric studies

ïSimplified sample collection ïófinger prickô approach 

(improved recruitment?)



Advantages for Pre-Clinical 

Ethical (3Rôs) benefits of reduced volumes (typically 10 - 20ɛL per 

spot)

ïRefinement

Elimination / reduction of rodent warming

ïReduction

Serial sampling from one rodent rather than composite bleeds from several

Reduction / removal of satellite rodents

ïReplacement?

Data quality

ï Serial vs composite

ï TK or even PK/PD from central study animals

Enables juvenile toxicology studies

Reduced costs

ï Animal numbers

ï Procedures

ï Test substance



Advantages for Clinical 

Reduced volume enables pediatric studies

Simplified blood sampling (finger prick)

ïImproved recruitment?

Ideal for Phase II/III in developing countries

Simplified population PK study sampling

Advantages for critically ill patients



Other Advantages

Simplified process ïbetter quality data?

UCentrifugation

USub-aliquotting

UFreezing

UDefrosting

Reduced costs

Shipping ïnon-hazardous (card treatments inactivate HIV & Hep 

B) and removes requirement for freezing and dry-ice

Storage

Potential for greater compound/metabolite stability



Regulatory Perspective 

Blood v plasma

Blood data has already supported regulatory filings

ICH S3A says é.ñThe quantification of systemic exposure provides an 

assessment of the burden on the test species and assists in the 

interpretation of similarities and differences in toxicity across species, dose 

groups and sexes. The exposure might be represented by plasma (serum or 

blood) concentrations or the AUCs of parent compound and/or 

metabolite(s).ò

é.éThe choice of analyte and the matrix to be assayed (biological 

fluids or tissue) should be stated and possible interference by endogenous 

components in each type of sample (from each species) should be 

investigated. Plasma, serum or whole blood are normally the matrices of 

choice for toxicokinetic studiesò



Validating the Technology (1)

Initially 10 structurally diverse compounds were validated  ïcan we 

even generate validated methods?

ïPrecision and accuracy

ïOn card stability

ïAssay ruggedness to pipetting error

ïRange of clogp, PSA, molecular weight, PPB, BCA, and 

therapeutic area

Compound cLogP

Polar 

Surface 

Area

Assay LLQ 

(ng/mL Rat 

Plasma)

Blood Spot 

Recovery (%)

Blood Spot 

Assay Range

1 3.02 76.07 20 98.4 2.5 - 1000 ng/mL

2 5.29 102.49 0.1 91.7 0.1 -100 ng/mL

3 5.06 71.53 1000 103.0 0.1 -100 µg/mL 

4 2.82 46.53 2500 (human) 93.0 2.5 -250 µg/mL 

5 3.86 73.56 2 93.4 2 - 1000 ng/mL

6 2.79 84.56 88.3 2 - 1000 ng/mL

7 3.98 71.09 5 92.4 1 - 1000 ng/mL

8 4.29 79.29 2 90.0 10 - 1000 ng/mL

9 5.32 75.13 2 47.3 1 - 1000 ng/mL

10 3.75 97.12 - 94.7 10 - 10000 ng/mL



Validating the Technology (1)



Validating the Technology (2)

12 additional compounds then tested in vivo (rat)

ïDirect comparison of conventional technique (blood:water 1:1 v/v) 

vs blood spot
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Overall, an excellent 

correlation was 

achieved between 

DBS and 

blood:water samples



Validating the Technology (3)

Additional compounds then tested in vivo WW-Safety Assessment 

studies started in January 2007

ï10 nonGLP 7 day rat TK studies

ïPlasma primary data

ïDBS and blood/water samples also taken

ïAll pre-clinical Sites involved (world-wide effort)

ï In vitro blood cell association completed
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Compound

Assay Range (ng/mL) Stability

Plasma Blood SpotBlood:Water
4 hrs Blood 

@37°C

7 days On-

card @ RT

1 5ï1,000 10ï1,000 N/A V V

2 1ï1,000 1ï1,000 N/A V V

3 10ï20,000 10ï20,000 N/A V V

4 10ï4,000 10ï4,000 10ï4,000 V V

5 5ï2,000 5ï2,000 5ï2,000 V V

6 5ï2,000 5ï2,000 5ï2,000 V V

7 10ï10,000 10ï10,000 10ï10,000 V V

8 5ï2,500 5ï2,500 5ï2,500 V V

9 10ï5,000 10ï5,000 N/A V V

10 100ï500,000100ï500,000100ï500,000 V V Sometimes in vitro BCA did not translate in vivo ï

discrepancies were noted



GSKôs Strategy

World Wide agreement & implementation

ïDBS were adopted as preferred technique for assessment of TK of 

all new oral compounds selected as development candidates

Validated method must be developed 

ïOnce we commit to a matrix at pre-candidate selection that matrix 

will not change throughout the life of the compound, including 

Clinical phases

ïSwitch to DBS for late stage compounds only considered for 

particular circumstances, e.g. pediatrics, drugs of the developing 

world



Impact to Bioanalytical Laboratory



Unexpected Benefits of this Technology?
Potential Stability Considerations

Intentional studies looking at stability of phase 

II metabolites:

ïAcetaminophen glucuronide & sulfate metabolites

No detectable formation of acetaminophen after 6 & 24 hrs 

at RT on card

ïDiclofenac acyl glucuronide

~96% loss in acidified rat whole blood after 72 hrs at RT

~43% loss in acidified rat blood on Whatman FTA paper 

after 72 hrs at RT 

only ~6% loss in acidified rat blood on Whatman 31ETF 

paper (untreated) after 72 hrs at RT
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Unexpected Benefits of this Technology?
Potential Stability Considerations

Starting using this increased óstabilityô to our advantage

ïCompound #1

Revealed instability in plasma (t½ 5 hrs) & blood (t½ 15 hrs), possibly 

due to esterase activity

DBS on-card stability for >34 days at room temp

ïCompound #2

Major circulating metabolites were N-glucuronide(s)

ïStandards were óbio-synthesizedô

Metabolites demonstrated instability in ówetô matrices ïblood, plasma, 

and on-column

DBS on-card stability demonstrated ïand analytical methodologies 

optimized



Current Components of GlaxoSmithKline 
Assay Validation

Linearity

ï Duplicate calibration lines (front & back)

Precision, accuracy, sensitivity & reproducibility

ï 5 concentrations, 6 replicates

ï 3 occasions for 1st pre-clin species & human

ï Single occasion for subsequent species

Whole blood stability

ï 2 concentrations (VC2 & 4), 6 replicates at 37°C for 4 hrs

ï Precipitation of whole blood with solvent containing IS ïcompare peak areas to fresh

On card stability

ï 2 concentrations (VC2 & 4), 6 replicates desiccated at room temp for 7 days 

Processed sample stability

ï Re-inject validation QCs with fresh calibrants after storage at room temp for 24 hrs

Incurred Sample Reanalysis (ISR) 

Selectivity

ï Total blanks & blanks from 6 different sources

Assay robustness to pipetting error (10 - 20ɛL)

ï 2 concentrations (VC2 & 4), 6 replicates

ï Apply precision / accuracy acceptance criteria

Dilution with control matrix extract

Recovery & matrix effect determinations



Sample Prep & Analysis

Analytical sample obtained by 

punching small circular disc 

(typically 3 mm) from centre of 

DBS

Extract disc in organic solvent 

(typically methanol) containing 

internal standard

Quantitation by validated LC-

MS/MS assay



Acetaminophen in Human DBS ï
Precision, Accuracy, Sensitivity & Reproducibility

Nominal Concentration (ng/mL) 25 100 1000 4000 5000 

Individual (Intra -Run) Statistics      

Run 1 Mean Concentration (ng/mL) 24.2 98.0 950.6 3959.0 4955.1 

 S.D. 2.6 2.0 30.7 54.7 174.1 

 Precision (%CV) 10.9 2.1 3.2 1.4 3.5 

 Accuracy (% Bias) -3.1 -2.0 -4.9 -1.0 -0.9 

Run 2 Mean Concentration (ng/mL) 22.9 99.5 940.1 4049.3 4952.2 

 S.D. 2.6 5.4 14.0 81.3 70.9 

 Precision (%CV) 11.2 5.4 1.5 2.0 1.4 

 Accuracy (% Bias) -8.4 -0.5 -6.0 1.2 -1.0 

Run 3 Mean Concentration (ng/mL) 25.6 103.4 1041.9 4019.1 4884.5 

 S.D. 2.1 6.6 70.7 273.2 189.1 

 Precision (%CV) 8.2 6.4 6.8 6.8 3.9 

 Accuracy (% Bias) 2.5 3.4 4.2 0.5 -2.3 

Overall (Inter -Run) Statistics      

 Mean Concentration (ng/mL) 24.2 100.3 977.6 4009.1 4930.6 

 S.D. 2.6 5.3 63.4 162.1 148.4 

 Overall Precision (%CV) 10.6 5.3 6.5 4.0 3.0 

 Average Accuracy (% Bias) -3.0 0.3 -2.2 0.2 -1.4 

 

Average Intra-Run Precision 

(% ) 
10.1 5.1 4.6 4.2 3.1 

 Inter-Run Precision (%)  Negligible Negligible 5.4 Negligible Negligible 

 

n=6 replicates

FTA paper



Impact to Safety Assessment



Sampling Methodologies

Method optimization ïmicrosampling

ïOption 1

No prior use of warming (rats) or 

reduced time (mice)

Dropping directly onto card

ïOption 2

No prior use of warming (rats) or 

reduced time (mice)

Collection of blood into capillary

Spotting directly onto card from 

capillary

ïOption 3

No prior use of warming 

(rats) or reduced time (mice)

Collection of blood into 

EDTA coated microcontainer

with integral capillary (80 uL)

Spot accurate volumes onto 

card using multipipette

Reduced blood volume required

Reduced warming



Current Practice ïRats

Typically 6 blood samples of between  200 to 250ɛL (total volume up to 

1500ɛL) per TK occasion

Approximately 10 minutes warming prior to sampling

Typical short term toxicology study dose group structure, males & 

females

Toxicology animals

Toxicokinetic satellite animals

1500ɛL blood


