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•  Rationale for blood sampling with microcapillaries 

•  In vivo sample handling 

•  Choices of capillaries (material/coating/volumes) 

– Harmonized or species dependent 

•  Bioanalytical sample handling 

–  Storage of samples 

–  Extraction, sample prep 

–  Batch design, QC design(s) 

•  POC studies comparing plasma analysis versus blood CMS 
analysis 

•  conclusions 

Outline of presentation 
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Rationale for implementation of blood 
sampling with microcapillaries 

•  Reduce blood sample volume in preclinical studies (3R) 

–  Allow more time points to be sampled (full PK profiles in 1 
animal) 

– No satellite TK animals in Tox studies 

–  Less invasive 

– No/reduced heating of animals 

•  Precise and exact sampling of low volumes of a viscous 
matrix 

•  Alternative to DBS  
•  No extra spotting on cards needed 
•  No impact of Hematocrit on analysis  
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In vivo blood collection 

Mouse: saphenous vein – 8 µl 

Rat: tail vein – 8 or 25 µl   
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Micronic 96–rack 

Bioanalysis Freezer 

Holder 

EDTA coated capillary 
Exact volume 
Fills end-to-end 
Capillary force In empty Micronic 1.4 ml 

In vivo sample handling 



5 

•  20 µL EDTA coated plastic capillary (KABE labortechnik) 

•  8 and 16 µL non coated glass capillaries 

•  8 and 25 µL EDTA coated glass capillary 

•  Recently  15 µL EDTA coated glass capillary 

Choices of capillaries (Vitrex Medical) 
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Details of features of EDTA coated glass 
capillaries 

CMS - blood analysis 
  8 µl 15 µl 25 µl 

Length(mm) 24 20 24 

ID (mm) 0.65 0.98 1.15 

OD (mm) 1.50 1.50 1.50 
K2 EDTA (mg/

ml) 3.3 1.65 3.3 
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Recovery results for verapamil (1000 ng/mL) 
with 20 µL plastic capillaries and 16 µL glass 

capillaries (in vitro exp) 
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Recovery results for verapamil (1000 ng/mL) 
with 25 and 16 µL glass capillaries (in vitro exp) 
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Using DMSO in the extraction mixture 

100% 
ACN 

80% 
ACN 

80% ACN 
+ 25µl DMSO 

100% 
ACN 

80% 
ACN 

80% ACN 
+ 25µl DMSO 

After centrifugation 
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•  Exclude plastic capillaries 

•  Include DMSO in the extraction mixture 

•  8 µl capillary for sampling blood in mouse studies 

•  25 µl capillary for sampling blood in rat studies 

Our first conclusions 
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Initial Protocol 
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+ DMSO 
(+ IS) 
+ ACN/H2O 

 mix centrifuge 

Sample preparation   Mouse Rat 

  8 µl capillary  25 µl capillary  
Blood sample 8 µl  25 µl  
DMSO  16 µl  25 µl  
Internal standard (IS) 50 
ng/ml 20 µl  20 µl  

Acetonitrile (ACN) / H2O 
(80/20)  200 µl  300 µl 

  Mix – Centrifuge – Mix – Centrifuge – 

  
Pipette supernatant  

Inject  
Pipette supernatant  

Inject 
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•  Prepare QC/calibration curve in blood -> use capillaries 
for sampling 

•  Prepare QC/calibration curve in blood -> use normal 
pipet for sampling 

•  Prepare QC/calibration curve in solvent -> use 
capillaries with blank blood – spike with solvent 

•  Prepare calibration curve in solvent -> use normal pipet 
for blank blood – spike with solvent 

Strategies for calibration standards and QCs 



Pipetting of whole blood 
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Forward Pipetting technique:  

Reverse Pipetting technique 
Used for pipetting solutions with a high viscosity or a tendency to foam 

NOK for whole blood 
Step 3 = dispense of sample 

OK for whole blood 

Alternative: positive displacement pipetting 
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•  Validate approach – initially DBS had been proposed and 
evaluated as well 

•  Analyse plasma and blood 

Evaluation in tolerance studies 



Results   
 

Mean plasma and blood concentrations after oral administration in rat 
(n=3) 
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In vivo blood/plasma ratio 
(compound 2, RAT) 
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Initial observations  

•  Blood QCs sampled in capillaries have best accuracies 

-> challenge is accurate manual pipetting of 8 µL blood 

•  8 µL capillaries (mouse blood) do not always empty well 

–  Related to coagulation in mouse? 

–  Related to smaller ID of capillary 

• QCs still require substantial amount of blank blood 

•  Consider diluted blood (for calibration curve)  

–  allows easier handling after freeze/thaw compared to full frozen 
blood 

–  automation 
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Approach with diluted blood for calibration curve 

Sample 
preparation   initial approach  adapted approach 

for calibration 
adapted approach for 

samples and QC 

  25 µl capillary  No capillary 25 µl capillary  
Blood sample 25 µl  50 µl (1:1)  25 µl  

water - 25 µl  50 µl  
DMSO  25 µl  25 µl  25 µl  

Internal standard 
(IS) 50 ng/ml    20 µl  10 µl  10 µl  

Acetonitrile (ACN) / 
H2O (80/20)  300 µl - - 

Acetonitrile (ACN)  300 µl  300 µl  
  Mix – Centrifuge – 

Pipette supernatant – 
Inject   



Dog study 
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In vivo blood/plasma ratios 
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Final considerations 

•  Blank blood consumption for calibration/QC samples 

•  Strategies for > ULOQ samples, for re-analysis 

– Dilution of extracts  

–  Alternative worked out in regulated BA: add BSA2%  
analyse sample portion -> optimization per compound 

•  Strategies to improve LLOQ if needed 

•  Acceptability of blood PK vs plasma PK and/or 
interchangeability within a development program 
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Conclusions 

•  CMS = simple, fast and ethical blood sampling method.  

•  Volumes of 8 or 25 µl could be accurately sampled and analysed. 

•  Consider harmonisation to 15 µl 

•  Less effort for CMS analysis of blood: accurate volume of incurred 
samples obtained at the time of sampling, no extra pipetting for 
analysis 

•  Application of CMS in preclinical species can reduce the number of 
animals needed to study PK or TK and allows to sample more time 
points.  

•  Current evaluation: in vivo blood/plasma ratio could be determined. 
similar B/P ratios over the entire concentration range observed 
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