
Extraction Solvent & Paper Matrix Partitioning Effect

Figure 3: DBS QC panel partitioning behavior between various solvent (color coded) and paper matrix. (a)-(c) show QC panel EIC intensity variation 
between Partitioning Effect Control Sample and Partitioning Effect Sample(same color,pattern coded). In the CHCl3 case, all polar metabolite EICs are 
at noise level, indicating their preference to partition into paper matrix against CHCl3. (d)-(f) show the QC panel partitioning ratio. 
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Background
Dried blood spot (DBS) collection represents an 
extremely convenient decentralized blood 
micro-sampling method for its limited invasiveness and 
minimal storage space requirement. To merge this 
offline sampling method seamlessly into the liquid 
chromatography-mass spectrometry (LC-MS) based 
untargeted metabolomics workflow, it is critical that all 
metabolites can be recovered from the DBS with high 
efficiency. While metabolite extraction protocols from 
traditional matrices, such as plasma, have been 
reported, the protocol transfer to release metabolites 
from millimeter sized DBS punch is not straightforward 
due to DBS specific metrics. In this project, the optimal 
extraction strategy for working with milligrams of paper 
matrix sorbent saturated with microliters of blood will 
be investigated from the extraction efficiency and the 
workflow automation compatibility consideration. 

Highlights
● An internal standard QC panel was designed to cover 

the entire m/z and polarity range of the human 
metabolome.

● The pre-analytical practice for various DBS processing 
stages, including the choice of recovery solvent 
before reconstitution, processing tube material, are 
systematically investigated.

● We have confirmed that the choice of reconstitution 
solvent for injection can have significant effect on 
analyte recovery. The sample processing tube also 
shows compound specific differential binding effect.

● We have determined the compound specific 
differential partitioning behavior between paper 
matrix and various solvent systems. We have 
confirmed that solvent systems that have high 
partitioning ratio do not necessarily have high 
extraction efficiency to release metabolite from the 
paper matrix in dehydrated state.

● We report that the extraction efficiency can be 
normalized with well-defined experiments.

● Here we recommend the use of 1:1 H2O:IPA as the 
final reconstitution solvent for injection, and MeOH 
as the extraction solvent for automation and 
throughput considerations.  We currently 
Eppendorf “pcr clean” tubes, but, are investigating 
these effects.

Evaluation Strategy
A DBS QC panel, including CIL Metabolomics QC1 & QC2 
kit, Avanti Splash mix kit, and individual metabolites to 
cover the m/z and polarity range of the metabolome. 

A HILIC method (Figure 1(a)) and RPLC method (Figure 
1(b) & 1(c)) were then optimized for the DBS QC panel 
and the possible adduct ion formation for each DBS QC 
panel species was performed on an Agilent 1290 Infinity 

UPLC system hyphenated with TIMSTOF Pro2 mass 
spectrometer equipped with VIP-HESI source.

Extraction strategy evaluation was carried out in a 
quantitative and backward approach: Fixed volume 
aliquot of the DBS QC solution at pre-determined 
concentration was used as the starting material at each 
step along the DBS pre-analytical workflow in the 
backward fashion. The Reconstitution solvent recovery 
effect, sample processing tube recovery effect, and 
extraction solvent & DBS partitioning effect, were 
investigated and the resulting recovery ratios were then 
used for data normalization purposes. 

Results
H2O:IPA was our best solvent system for metabolite 
recovery and Eppendorf “PCR clean” tubes are 
(currently) recommended as the final dry & 
reconstitution processing tube from the automation 
perspective. While CHCl3 is widely used for liquid sample 
based lipid extraction, its partitioning ratio was 
unmeasureable for polar metabolites and low for 
phospholipids against paper matrix, the requirement for 
glassware to handle CHCl3 further argues against CHCl3  
for DBS extraction.

For DBS extraction, organic based solvent systems are 
favored from the throughput perspective, as they do not 
release dried blood debris from paper, while aqueous 
based solvent systems can release the dried blood from 
the paper, indicating more downstream sample clean-up 
steps are required. However, this is likely because we 
are extracting from a large spot of dried blood, and the 
ratio of extraction solvent to blood volume is too low. 
Future experiments will be focused on re-designing the 
QC panel concentration so that smaller sub-punches and 
less blood can be used for re-evaluation. 

Additional Findings
We also found that the metabolite-on-paper stability 
needs further investigation. For example, 
alpha-ketoglutaric acid is poorly recovered using all 
aqueous solvent systems and MeOH in the extraction 
control experiments, which all have high partitioning 
ratio for alpha-ketoglutaric acid.

 

Acknowledgements
Funding in part for these efforts was provided from Uniformed Services University of the Health Sciences 
(USUHS) award from the Defense Health Program to the Murtha Cancer Center Research Program 
(HU00011820032, JE Katz/JSH Lee) administered by the Henry M. Jackson Foundation for the 
Advancement of Military Medicine. Disclaimer: The contents of this publication are the sole responsibility 
of the authors and do not necessarily reflect the views, opinions, or policies of the USUHS, the Henry M. 
Jackson Foundation for the Advancement of Military Medicine, Inc., the Department of Defense (DoD), 
the Departments of the Army, Navy, or Air Force. Mention of trade names, commercial products, or 
organization does not imply  endorsement by the U.S. Government. Further, we would like to extend our 
gratitude to Dr. Andrew Morris, Dr. Donald Chace, and Dr. Terra Vincent-Hall. Their valuable time and 
insightful discussions have significantly contributed to these efforts.

Conflicts of Interest
There are no conflicts of interest to report.

DBS QC Elution Profile under HILIC & RPLC

Figure 1: Overlaid Extracted Ion Chromatograms (EICs) showing QC panel elution profile under HILIC (a) 
and RPLC (b) and (c). The QC compound identification is achieved by either RT matching with other 
standards (e.g, Standard H for amino acids) or through MS/MS level validation (e.g, lipid fragmentation 
pattern). The DBS QC panel information, including the adduct form used for EIC extraction and stock 
concentration, is shown in insert. The optimized LC and MS methods are shown at the bottom.

Recovery/Injection Solvent & Processing Tube Effect 
1:1 H2O:IPA is our best recovery solvent for DBS QC panel
Waters Vial & Eppendorf tube have comparable recovery ratios

Figure 2: Recovery/Injection solvent (color coded) & processing tube (pattern coded) selection decision making based 
on absolute intensity and recovery ratio. (a)-(c) indicate 1:1 H2O:IPA has comparable intensity among polar metabolites 
and the highest intensity across the lipids panel. (d)-(f) show the processing tube effect on recovery ratio across the QC 
panel, with Waters vial and Eppendorf tube being comparable in the recovery performance. Recovery ratio = QC panel EIC 
peak area from recovery & processing tube sample /QC panel EIC peak areafrom process control sample 

HILIC Method: 400 μL/min, Column Temp: 10 ℃, Injection Volume: 2 μL

Mobile Phase:
A: 90:10: H2O+20mM CH3COONH4+5μM Medronic Acid (PH 9.4):ACN
B: 90:10: ACN:H2O+20mM CH3COONH4+5μM Medronic Acid (PH 9.4)

Column: InfinityLab Poroshell 120 HILIC-Z 100 x 2.1 mm, 2.7 μm

RPLC Method: 500 μL/min, Column Temp: 50 ℃, Injection Volume: 2 μL

Mobile Phase:
A: 60:40: ACN: H2O + 10mM HCOONH4
B: 90:8:2 IPA:ACN:H2O + 10mM  HCOONH4

Column: ZORBAX Eclipse Plus C18 50 x 2.1 mm, 1.8 μm

MS Method (TIMSTOF Pro 2): 

Capillary Voltage: 4500 V (POS/NEG)        Nebulizer Gas: 2.0 Bar
Sheath Gas: 275 oC, 4.0 L/min                   Dry Gas: 230 oC, 8.0 L/min

Transfer Time: 54.0/65.0 μs for NEG/POS mode
Scan Mode: MS (50 - 1250 m/z) @ 4.00 Hz
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DBS Extraction Evaluation Strategy

CHCl3 has negligible partitioning ratio for polar metabolites and is low for 
phospholipids against paper matrix 

MeOH Works Best in Breaking the Metabolite/Paper Interaction in Dehydrated State
DBS storage condition & no recovery of non-polar lipids still needs further investigation 
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Processing Control Sample:
5 uL of DBSQC solution directly pipetted into 
glass insert, after speed vacuum dry for 30 min at 
room temperature, 100 uL of 1:1 H2O:MeOH, 
H2O:ACN, H2O:IPA is added to the glass insert 
for reconstitution.

Despite the many degrees of freedom in DBS 
pre-analytical workflow design, the final step is 
usually common, which consists of reconstitution 
of dried extracted sample for injection. Thus, it is 
important that the injection solvent can recovery 
analytes from the processing tube with high 
efficiency.
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A high partitioning ratio corresponds to low percentage 
of compound being absorbed into the paper matrix 
(better).

The extraction solvent lists are from literature search and 
they covers a wide polarity range; With CHCl3 and Folch in 
use, Waters glass autosampler vial is selected as the 
processing vial.

The partitioning ratio of DBS QC panel between various 
solvent systems and blank DBS paper spot is an alternative 
way for determining the suitable extraction solvent. 
Compound specific partitioning preference between 
extraction solvent and paper matrix at equilibrium is 
observed.

(a)

(b)
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Recovery/Injection Solvent & Processing Tube Sample:
5 uL of DBSQC solution pipetted into processing tube, 
after speed vacuum dry for 30 min at room temperature, 
100 uL of 1:1 H2O:MeOH, H2O:ACN, H2O:IPA is added 
to the tube for recovery and transfer into glass insert. 

Processing control sample(b)  RPLC NEG

(c) RPLC POS

Extraction control sample: H2O

Extraction control sample: TBME

Extraction control sample: MeOH

Extraction control sample: ACN

Extraction control sample: IPA

Processing control sample

Processing control sample

Extraction control sample: MeOH

Extraction control sample: MeOH

Extraction control sample: MeOH

Extraction control sample: H2O

Extraction control sample: H2O

5 uL of DBS QC solution was spotted onto Whatman 903 paper and dried under ambient 
condition for 36 hours prior to the blood draw. No Additive Vacutainer tube is used for onsite 
intravenous blood draw and quickly spotted onto QC solution pre-conditioned spots. The 
extraction control spots and DBS spots are processed 5 hours later together. For all extraction 
control spots, extraction was performed by equilibrating with the extraction solvent for 1 hour 
with occasional vortexing, the extracted sample was sent for downstream drying and 
reconstitution with the spot removed from the eppendorf tube. For all DBS extraction samples, 
after 1 hour of equilibration with the extraction solvent, organic extraction do not release cell 
debris from the paper;  Whereas for all aqueous based extraction solvents, extra sample 
clean-up steps are required as the cell debris got released from the paper. With pre-chilled 80:20 
MeOH:H2O for further protein precipitation, extraction, and dilution, the final sample was still too 
concentrated to not clog the column. Further experiments using more concentrated QC solution 
and less blood volume on smaller spots (e.g, pre-cut sub-punches) are planned.

The Extraction Control sample directly reflects the efficiency of the 
extraction solvent in breaking the intact interaction between QC 
component and paper matrix in the dehydrated state. While MeOH does 
not have the highest partitioning coefficient across the QC panel, the 
extraction control experiments indicate MeOH is most efficient in 
extracting out polar metabolites and phospholipid QC components 
from the dried paper matrix. The ideal extraction solvent thus shall be 
capable of breaking the paper/analyte interaction in dehydrate condition 
first and also have a high partitioning coefficient as in the liquid 
equilibration condition. 

It is surprising H2O, in our hands, is less efficient in extracting out polar 
metabolites and  very poorly recovers lipids from the paper, as its 
partitioning ratio is high across the DBS QC panel.

The limited recovery of monoacylglycerol species and no recovery of 
diacylglycerol and triacylglycerol lipid species needs further investigation 
(compare to Fig 1c). Storage condition (including photobleaching and/or 
oxidation) is an obvious direction; Paper-assisted acyl migration is another 
assumption for future investigation.

?

Figure 4: Extraction efficiency comparison for different extraction solvents 
using selected DBS QC panel EICs under HILIC and RPLC. In (a), under  HILIC 
NEG mode, all polar metabolites except alpha-ketoglutaric acid (why?) can be 
extracted using aqueous based solvent and MeOH, which has the highest 
intensity,  while all other organic solvents seem incapable of extracting out 
polar metabolites from paper (data not shown). In (b), phospholipid panel 
extraction efficiencies for all organic solvent and H2O are compared, MeOH can 
recover all phospholipids as compared to the processing control sample despite 
at lower intensities, other organic solvents can all extract out ceramide with 
comparable intensity to that of MeOH, yet very limited recovery for other 
phospholipid species, H2O extraction returns only noise level signal. In (c), only 
limited recovery of the MAG species for MeOH extraction, as compared to the 
processing control sample.

Extraction Efficiency Normalization Strategy
Pre-analytical normalization parameters can be calculated from 
well-defined experimental results

Extraction control sample: H2O

Table 1 : Extraction efficiency normalization for MeOH extraction using polar QC metabolite panel EICs under 
HILIC NEG mode. Each factor/ratio calculation formula is defined and can be found on the upper normalization 
strategy workflow. The lipid QC panel result is not shown here due to high concentration of endogenous lipids 
sharing the same m/z. 

While the stability of many compounds preserved on DBS is know, thru this work, we attempt to begin the 
formulation of a method by which class based measurement corrections for the extraction of compounds can 
be determined as well.


