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Comparison of analyte concentrations between blood sample types such as wet and dried 

plasma/serum and capillary and venous whole blood is difficult.  Test results can vary due to 

hematocrit, pipetting and handling errors and volume uncertainty.

A pre-analytical, endogenous standard would allow normalization between blood sample types

to control for sample quality and volume and would allow more precise quantitation and quality 

analysis.  Feasibility was evaluated for use of endogenous 

amino acid (AA) levels as a suitable pre-analytical 

standard (PS) for multiple blood sample types:
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Table 1. AA stability for dried blood
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Figure 1.  Dried blood collection with HemaSpot™-HF and –SE blood collection devices
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Figure 2.  Comparison of 15 amino acids (AA) levels for blood sample types
Ave. of 9 donors, std. dev.; 10 µL whole blood, 5 µL plasma 
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High correlation is observed between blood sample types for amino acid (AA) levels for both 

individual donors and average of 9 donors.   

Figure 3. Correlation of 12 AA levels for different blood sample types  

Figure 4.  Fasting & non-fasting AA levels
Ave. of  3 days, 1 donor, std. dev.

Figure 5. Concept test: Normalization with [Ile+Phe] improves data scatter for [Thr]
8 timepoints over 24 h, single donor, 3 separate days, dried whole capillary blood collected with HemaSpot-HF

The levels of amino acids were measured by LC-MS/MS for multiple blood sample types including wet and dried whole 
blood and plasma from both venous and capillary blood using the following methods:

Sample Extraction: 10 µL whole blood (wet or 1 blade of HemaSpot-HF) and 5 µL plasma (wet or 6 mm punch from
HemaSpot-SE) were placed in a deep well tube and 200 mL of extraction solution (MeOH/H2O/FA; 90/10/1.0%) was added
and vortex mixed vigorously for 30 minutes. 200 mL of acetonitrile (ACN) was added, vortexed 10 minutes and then
centrifuged at 10,000 cpm for 10 minutes. 200 mL extract was dried under N2 at and reconstituted in water with 0.1% formic
acid.

LC-MS/MS Analysis for 15 AA: HPLC system: Shimadzu SIL-HT autosampler, LC-AT10 pumps. Phenomenex Luna 3 mm C18
Column (150 X 4.6 mm), mobile phase A (MPA): 0.1% formic acid in water and (MPB): 0.1% formic acid in methanol, gradient
elution from 5% MPB to 15% MPB over 4 minutes, then ramping to 90% over 0.5 minutes followed by a 5.5 minute hold
before returning to 5% MPB and re-equilibrating. Total run time was 15 minutes at a flow rate of 0.45 mL/min.
Mass spectrometry: Waters (Milford, MA, USA) Micromass Quattro Ultima triple quad mass spectrometer. Acquisitions
carried out in multiple reaction monitoring scan mode using negative electrospray ionization (ESI-). Instrument parameters;
3.0 kV capillary voltage; 120oC source temperature; 220oC desolvation temperature; 500 L/hr desolvation gas flow; 40 V cone
voltage.

Sample Application: Blood from 9 healthy volunteers (ages 29 to 60) was collected by venipuncture into tubes containing K2
EDTA. Blood was applied to both HemaSpot-HF (87 mL) and –SE (150 mL). Stability samples were stored at temperatures of
-20 C to 45oC for up to 3 months. Finger stick blood was collected by 3 donors on 3 separate days for fasting (early

morning) and non-fasting (1 h post lunch) studies.

Results

Whole Blood & Plasma

Venous & Capillary

Wet & Dried

Levels of five AA (Val, Thr, Ile, Leu, Phe) showed strong correlation (<11% CV) between 9 donors for 

4 sample types: wet and dried plasma and wet and dried whole blood. 

Phe, Ile, Pro, Val, Leu and Tyr are stable

(<10% loss) as dried blood up to 90 days 

up to 45oC.

Minimal differences in AA levels between 

fasting and non-fasting state

Gly Ser Pro Val Thr Ile Leu Phe Tyr Trp

25 C 78 78 107 105 85 104 101 97 101 85

37 C 53 47 115 106 60 107 102 94 97 66

45 C 45 47 111 120 61 103 95 98 98 64

AA levels as  % of -20oC at temp. for  90 days

• Amino acid levels show high correlation between wet and dried whole blood and plasma

• Fasting and non-fasting status has minimal effect on amino acid levels

• Phe, Ile, Pro, Val, Leu and Tyr are stable for 90 days and up to 45oC

• Val, Ile, Leu and Phe show promise for use as an endogenous pre-analytical standard 

for blood sample types including venous & capillary, wet & dried, plasma & whole blood


