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Introduction 

► Advantages of DBS in Discovery 

► Can it be used in a generic manner? 

► HRMS bioanalysis– a new tool? 

► DBS case study using Verapamil 

► Conclusions 

► Designing a better NCE… 



Advantages of DBS in Discovery PK 

► Compound stability is less of a concern 

► Time & temperature impact between 
blood draw & plasma harvesting 

► Esterases & Amidases (hydrolases) 
add water to the substrate with no 
additional cofactors needed. While 
enzymatic hydrolysis reaction is 
irreversible, the action of esterases 
and amidases to form two products 
(acid and alcohol or amine) can be 
reversible. 

► When the clearance is greater than 
cardiac blood flow, it indicates that the 
compound is being cleared by the 
blood or by blood vessels.  
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Advantages of DBS in Discovery PK 

► Passive sampling possible 

► Micro-sampling 

► Small blood draws reduce stress related physiological changes that 
impact levels of RBC/WBC/Platelets, cortisol, corticosterone, prolactin, 
etc; factors that could impact PK data 



Rodent Fast PK: Proven Model for Human PK 

•Exposure route 

•Oral vs IV? 

• Speed 

• Quantitation with quality 

• Peptides or small molecules 

Fast PK Metrics 
NCE 

IV Oral 



Maximize Information Content  

Adjustment effects 

Cmax effects 

Pharmcodynamic response 

Formulation effects 

First sampling effects 
Metabolite effects 

Food effects 



Traditional Workflow (MRM) 

NCEs 

Tune 

MRM 

PP Sample 

Clean Up 

Bioanalysis 

PK Estimates 

(NCE only) 

 Tuning MRM takes time & requires some 

level of expertise 

 Peptides require determination of charge 

state and the optimal MRM transition 

 Difficult to get metabolite information 

 Limited information from sample 

NCE PK only – no other information from 

incurred sample 

LC-MRM Analysis 



DBS & HRMS – Critical New Value (?) 

DBS 

PP Sample 

Clean Up 

Bioanalysis 

PK Estimates 

(NCE) 

PK Estimates 

Metabolites 

Multiple 

Analytes (IS) 

Peptides 

Post-Acquisition 

Data Query 

• No compound dependent tuning required – 

easier to use/faster to set-up 

• Full Scan Peptide Bioanalysis (no MRM) 

• Post-acquisition data analysis 

• Providing PK data as well as critical new 

information (metabolites: acyl-glucoronides?) 

 

HRMS Bioanalysis 



Challenges 

► Bioanalytical 

► Sensitivity (1ng/mL) 

► Recovery using a generic extraction protocol 

► Dilution & Re-assay 

► Automation & Discovery time-lines (turn-around time) 

► Sampling 

► Type of card 

► Sample volume (15 v 25uL) 

► Blood-plasma ratio (BPR will influence PK) 

> Tempting to assume even distribution 

> Be aware of concentration dependent partitioning 

Even distribution 

in RBC (PCV) 

Extensive 

distribution in RBC 

(PCV) Limited distribution in 

RBC (PCV) 



Extraction  

Solvent 

 

 

 

 

Compound 

Chemistry 

DBS Card  

Type 

BASIC EXPERIMENTS 

DBS 



Spot Visualization 

► Spot visualization (upon drying) – 1 DBS card per animal? 

► Spotting volume – how much? 

► Hematocrit – impact on blood viscosity & spot diffusion 

► Recovery – which extraction solvent to use? 

► Ion suppression from different cards 

Spot Visualization 

DPS 

DPS with 

red dye 

Utilization of DBS within drug discovery: development of a serial microsampling pharmacokinetic study in mice: Clark et al., 2010. Bioanalysis 

2 (8), 1477-1488 



Spot Diffusion 

► Diffusion ≈ viscosity (capillary effect) ≈ hematocrit  

► Conclusion 1: use smallest volume possible 

► Conclusion 2: use 1 DBS card per time-point ($4/card!) 

Urine Spot (25uL) MeOH:H2O (25uL)  

(90:10, v/v) 

Plasma Spot (25uL) 



Procedure 

Stock Std 50ug/mL of 15 compounds in ACN:MeOH @9:1 

Blood @1,000 ng/mL Mix 20 uL of Stock Std and 980 uL of Human Blood 

Spiking @100ng/mL Mix 20 uL of Stock Std with 9.980 mL of MeOH:DMSO:H2O @7:1:2 

Sample Preparation 

1 Spot 25uL of blood spiked with 1ug/mL std cocktail  (Spot diameter ~ 8 mm) 

2 After 2 hrs, punch a 6 mm spot   

3 Add 100 uL of MeOH:H2O @9:1. Vortex for 30 min   

4 Transfer 50 uL of solution into a new tube   

5 Evaporate to dryness   

6 add 300 uL of MeOH:H2O @9:1 containing an IS   

Control Preparation 

1 Spot 25uL of blood (blank)  (Spot diameter ~ 8 mm) 

2 After 2 hrs, punch 6 mm spot   

3 Add 100 uL of MeOH:H2O @9:1. Vortex for 30 min   

4 Transfer 50 uL of solution into a new tube   

5 Add 62.3 uL Spiking solution (100 ng/mL)   

6 Evaporate to dryness   

7 add 300 uL of MeOH:H2O @9:1 containing an IS   

DBS Generic Extraction Solvent – (90:10, MeOH-Water, v/v) 

4000ng/mL 

4000ng/mL 



Recovery Results 

► Card used: Whatman DMPK-C  

► Variable:  compound hydrophobicity 

> Extraction time: 15min on plate-shaker  

Solvent Card 

Compound 
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Recovery Results: DBS Card Types 

► 3 Compounds chosen (Tiapride, Diphenhydramine, Verapamil) 

► 12 different DBS cards tested for recovery using MeOH-Water (90:10, v/v) 

► Extraction time: 30min on plate-shaker  

 



HRMS BIOANALYSIS 

DBS 



Power of Accurate Mass Measurements (Dextromethorphan) 

Mono-isotopic (most abundant isotope of each element) 

12C18
1H26

14N16O = 272.2087 

Exact Mass (specific isotope of each element) 

12C18
1H26

15N16O = 273.1979 

In LC/MS, where we gain/lose proton H+ 

H atom weighs 1.007825 

H+ weighs:  1.007276 

Courtesy Richard LeLacheur 

Average Mass (M+H) 

C18H25NO = 272.4 



Dynamic Range (Bioanalysis): Impact on Accurate Mass 

25-5000ng/mL 

ng/mL 
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Working range 



Mass Accuracy (Mass Defect Filtering) and Dynamic Range 

SaturationTest02 #138-145 RT: 0.57-0.60 AV: 8 NL: 2.36E5

T: FTMS {1,1}  + p ESI Full ms [150.00-1000.00]
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Mass stability is critical – must be 3ppm or less 

Low level High Level 



FAST PK 

DBS Case Study 



Experimental Design 

► Compound: Verapamil 

► Animal model: SD Rat (with cannulae) 

► Dosing: 3IV and 3PO (2-hydroxypropyl-beta-cyclodextrin) 

► 6 time points  

► Blood draw – spotted (DBS) and harvested for plasma at each time point  

► DBS Card: FTA DMPK Uncoated (25uL spot) 

 

► Bioanalysis 

► HRMS analysis (Full Scan High Resolution, R=25,000K, 2ppm mass 
accuracy) 

► Other factors: 

> No method developed prior to receiving samples 

> No compound specific tuning performed on the Exactive (Orbitrap) 

 

 

 



Fast PK DBS Samples – Delivered in “Pipette” box 

DPS (25uL) 
Can be difficult to 

“see” upon drying 

DBS (25uL) 



Sample Prep: Core, Transfer, Extract (in-plate), Inject 

6mm core 
Transfer to 96well plate 

Add 100uL 

MeOH-Water* 

(90:10 v/v) 

 to each well 

(contains IS) 

Plate Shaker for 

30 mins 

Inject into 

HRMS 

•No MRM Tuning 

•Walk-up bioanalysis 

•Full scan MS analysis (R=25K) 

•Mass accuracy = 2ppm or less  
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Every run can be characterized for „surprises‟ using HRMS 

‘what you don’t see!’ 

‘what you see’ 
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Example 1: Presence of phospholipids (ion suppression) 
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Example 2: Presence of unknown polymers/dosing vehicles 

? 
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Example 3: Presence of proteins/peptides 
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Peak Observed at „constant‟ intensity for all DBS runs 



624bb020 #487-495 RT: 2.03-2.06 AV: 9 NL: 5.95E6
T: FTMS {1,1}  + p ESI Full ms [150.00-1000.00]
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“Heme” – Can it be used to estimate card aging, spot diameter, etc?) 
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HRMS Regression Results (1-500ng/mL with QC‟s) 
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HRMS Bioanalysis: Biotransformation products & improving chemistry 
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Conclusion 

► DBS and HRMS provide the potential to 
accelerate lead optimization by 

► Higher content „Information‟ (metabolite) can 
be provided to improve candidate selection 

► NCE stability (unproven at this stage) 

► Surprises  

> Formulation is basic & impacts 
bioavailability 

> Ion suppression 

► Is it time to use a new tool for discovery 
bioanalysis? 

► DBS works, if it doesn‟t, there‟s always plasma! 
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