
Three stacked membranes provide

functionality for plasma fractionation.

The upper membrane uses capillary

action to receive and laterally distribute

whole blood before vertical presentation

to an intermediate, semi-permeable

membrane that effects filtration removal

of red blood cells as fluid passes through.

Directly beneath the semi-permeable

membrane is located a pair of identical

collection discs, into which RBC-free

plasma flows until flow terminates at

saturation. Plasma collection volume is

pre-determined by the dimensions and

material composition of the collection

discs. Extraction of duplicate 3.5 µL

aliquots of plasma are generally achieved

within 3-5 min.

A rapid plasma extraction technology that collects a 3.5 μL aliquot of plasma within three minutes

from a finger-stick or mouse tail-bleed derived drop of blood was evaluated using Ultra Fast Mass

Spectrometry. The volume of sample collected between the NoviplexTM Duo plasma cards and the

Mono plasma cards varied 5.2 % over a hematocrit range from 20% to 70%.
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Schematic of the NoviplexTM Duo plasma card

Mono vs Duo
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Validation of liquid collection volume 

along with hematocrit variability

Experiment1 Left Right

Average vol (µL) 3.46±0.2 3.47±0.06

Reproducibility 

(%CV,n=5) 2.94% 0.91%

Experiment2 Left Right

Average vol (µL) 3.64±0.14 3.44±0.18

Reproducibility 

(%CV,n=5) 2.00% 2.60%

Experiment3 Left Right

Average vol (µL) 3.68±0.20 3.45±0.23

Reproducibility 

(%CV,n=5) 2.74% 3.33%

Left Right
• 60 µL of fresh venous blood (EDTA; hematocrit 43%) was applied to 

each card. 

• After 3 minutes, the card overlay was removed and discs were 

placed individually into left and right labeled vials.

• Loaded mass was determined for each vial using Mettler H54AR that 

is  traceable to NIST standards. 

• Measured volume is calculated into volume by using a specific 

gravity of plasma (1.0205 at 37C).

Average collection volume from left and right disc  is  3.52 (3%).  

Moreover, the variation between left and right was 2.8%. 

Note: The reason of the use of venous blood here is to minimize the 

time interval between application of blood drops from multiple replicates.

Hematocrit effect:

Similar studies were performed at hematocrit levels of  20%, 43%, 

and 70%, respectively.

Even at high hematocrit levels, the collection volume was highly 

reproducible (See the table).  Variation of the collection volume 

among different hematocrit levels was 5.2%.

Blood1 Blood2 Blood3

Hematocrit level 20% 43% 70%

Average collection 

volume (µL) 3.2 3.54 3.31

%CV 4.37% 2.62% 3.30%

The accuracy of plasma extraction card was examined in a previous study (Anal. Chem., 2013, 85 (23), pp 11501–11508).

In this study, the 25(OH)VD3 was compared between mono and duo cards.    60 µL of blood from the same donor was 

used to study collection volume reproducibility.

from a disc 

(ng/ml)

NIST measured 

(ng/ml)

% Accuracy

NIST SRM 972A 

(plasma) 13.7 12.4 92.96%

Reproducibility 

(%CV) 1.8 -

Noviplex Duo (left) Noviplex Duo (right)

Donor A (ng/ml) 28.99 27.53

plasma volume (uL) on disc 3.5 3.5

Reproducibility (%CV, n=6) 11.9 11.35

Noviplex

Mono(1)

Noviplex

Mono(2)

Noviplex Duo 

(left)

Noviplex Duo

(right)

Donor A (ng/ml) 27.33 27.95 28.99 27.53

Reproducibility, %CV (n=6) 16.47 5.12 11.9 11.35

Avg. concentration, (ng/ml) 27.64 28.26

The variation between left and right discs 

from duo cards was 3.65% using 6 replicates.

The vitamin D concentration variation 

between the two Noviplex Mono cards 

was about 2%, while it was about 5% 

between the two discs in the Duo card.

The average vitamin D concentration 

for the two Mono cards versus the 

Duo card agreed within  2.2%. 

Vitamin D measurement 

Reproducibility of the two discs

NoviplexTM Duo plasma cards were used in the analysis of

vitamin D blood levels from a cohort of human blood and

NIST SRM 972a standards. The SecoSET vitamin D

derivatization kit (Novilytic, IN) was used to enhance vitamin

D signals in MS. 15 μL of the derivatized vitamin samples

were separated using a reversed-phase HALOTM C18 column

(150 mm X 2.1 mm, 2.7 μm) at 40 °C and a flow rate of 200

μL/min. MRM acquisition methods were constructed using

vitamin-specific tuned parameters in a Shimadzu Prominence

HPLC system (Shimadzu, Japan) coupled to the Applied

Biosystems/MDS Sciex 4000 QTRAP with an electrospray

ionization source controlled by Analyst 1.4.2 software

(ABSCIEX, MA) in the ESI-positive ion mode for LC-MS/MS

analyses. D6-25(OH)VD3 was used as an internal standard.

A novel miniaturized method to collect a volumetric plasma aliquot from a drop of

whole blood has been described using membranes to fractionate plasma into a

porous matrix and form a dried plasma spot that retains the convenience of dried

blood spots (DBS) and eliminates many analytical variables associated with DBS.

Though this method has many advantages, it collects only a single plasma sample,

which can preclude use in applications that require sample archiving or replicate

assays. This paper describes an evolutionary embodiment of the original solid-

phase plasma fractionation technology in which duplicate, and identical plasma

samples are fractionated and collected from a single volume of blood by microfluidic

transport through channels in a stack of membranes. The split ratio, direction of

flow, and flow velocity in membrane channels are determined by the size, shape

and porosity of the membranes through which the sample flows.

INTRODUCTION

1. The control spot determines whether 

enough blood was placed on the card.

2. The lateral spreading layer rapidly 

spreads blood while adding buffers and 

anticoagulants; allowing samples to 

enter the filtration layer as a front.

3. The filtration layer captures blood cells 

by a combination of filtration and 

adsorption.  

4. Collection discs load with a specific 

aliquot of plasma.  

5. The isolation screen precludes lateral 

wicking along the card surface.
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Design feature for  dual plasma extraction

1. Remove Noviplex card from foil packaging.

2. An unmeasured application about 60uL of 

whole blood (one to two drops) is added to 

the test area.

3. After 3 minutes, the top layer is completely 

removed (peeled back).

4. The collection disc contains 3.5 μL of 

plasma. 

5. The collected sample is air-dried for 15 

minutes.

6. After removal of the two identical collection 

discs from the base card analytes are 

ready extracted for LC-MS/MS analysis.

7. An appropriate concentration of an Internal 

standard may be added before extraction.

NoviplexTM Duo plasma card 

Workflow:

25-(OH)VD3

Stereoisomer from 

derivatization

D6-25-(OH)VD3 
(Internal 

Standard)
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