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A Comparison of Four Different Plasma
Sources for Phospholipid Removal, Recovery

and Reproducibility using a Protein and
Phospholipid Removal 96 Well Plate

by James Edwards, Application Scientist - Chromatographer at Porvair Sciences Ltd, james.edwards@porvairsciences.com

Plasma is a common matrix used in bioanalysis. However, the phospholipids present in plasma can cause a range of issues with analysis such

as higher backpressures, an increased need for instrument maintenance and matrix effects in the form of ion suppression when using ESI-MS

detection. lon suppression leads to other issues during chromatographic runs such as irreproducible results, loss of signal intensity and poor

quantitation. This application note explores the use of the Microlute® PLR 96 well plate to show it is possible to achieve highly reproducible

recoveries alongside removal of phospholipids to eliminate the problems they cause with analysis.

Blood plasma is an important matrix in

drug metabolism and pharmacokinetic
(DMPK) studies where it is used in large
quantities for bioanalysis work [1]. For drug
development in DMPK, different compounds
are screened and properties assessed, this

is usually by Liquid Chromatography - Mass
Spectrometry (LC-MS) [2]. In order for LC-MS
to be used for drug development analysis,

it requires sample clean-up to remove
interferences from plasma before injection
onto the system to obtain reliable and
consistent results.

Clean-up of plasma can be performed
before analysis in several different ways.
The simplest preparation method is to use
protein precipitation. This process involves
adding an organic solvent, ‘salting out’ or
by adjusting the pH of the plasma solution
which then causes the proteins to crash out
of solution. Itis a quick and easy method to
prepare the solution and prevent the proteins
from affecting downstream applications
when injected onto the chromatography
instrument. However, this preparation
technique does not remove phospholipids
from the sample which can cause a number
of complications and hinder results.

Glycerophospholipid (GPCHos)

Phospholipids are a class of lipids which
contains both a phosphate head and up

to two fatty acid derived tails. This results

in them being amphipathic - the polar
phosphate head giving the hydrophilic
property with the tails responsible for
hydrophobic properties. Phospholipids are
a major component of cell membranes are
thus ubiquitously found throughout the
human body. The most common classes of
phospholipids are the glycerophospholipids
(which are composed primarily of
glycerophosphocholines), lysophospholipids
and sphingolipids (Figure 1) which make

up 70% (glycerophospholipids), 10%
(lysophospholipids) and between 10 - 20%
(sphingolipids) of total phospholipids [3,4].

Of these phospholipids, there are several
sub-classes of common phospholipids -
phosphatidic acid (PA), phosphatidylcholine
(PC), phosphatidylethanolamine (PE) and
phosphatidylserine (PS) and sphingomyelin
(Figure 2).

It is known that reversed phase columns,
commonly used in LC-MS methods (e.g.
C8 and C18), suffer from reduced column
lifetime from phospholipids in the sample
that are injected onto the column [5]. This
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occurs when the hydrophobic functional
groups on the column interact with the
hydrophobic tails of the phospholipids.
Typically, some phospholipids could become
bound onto the column’s stationary phase
resulting in reduced column capacity for
retention, higher system back pressures and
slowly bleeding off the column at random
intervals. It is possible to include in a high
organic flush to prevent this, but this can
add on time to already long analysis method
times [6].

Phospholipids are also known to cause

ion suppression. This occurs in the mass
spectrometer source when an interfering
compound co-elutes from the HPLC column
at the same time as an analyte which is
being analysed. A co-eluted molecule,

such as a phospholipid, can compete for
the available charge in the source with the
analyte of interest causing less of the analyte
to be ionised. This reduces the intensity

of the analyte and hence signal suppression
occurs. Phospholipids can also influence
evaporation of the solvent droplets entering the
source. Reducing the volatility of the droplet
may increase the radius and reduce surface
area and charge thereby, reducing the overall
intensity of the signal for the analyte [3, 7].
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Figure 1: A diagram to show the difference between the glycerophospholipids, lysophospholipids and sphingolipids. Where X is a different functional group

depending on the sub-class of phospholipid.
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Figure 2: A diagram to show the various common sub-classes of phospholipids.
Solid phase extraction (SPE) is a popular = = > =
method for removing phospholipids [w-m premrcics ule[aw — ouE ;«:sx.-x-uJ

when preparing plasma samples. Wash
steps remove interfering compounds

from samples and allow elution of cleaner
solutions ready to be injected straight onto
the system of choice or be dried down and
reconstituted into a suitable solvent mix.
Although SPE has its advantages, it can

be time-consuming to develop a protocol

which works effectively and reproducibly to
remove both proteins and phospholipids.

The Microlute® PLR product is specifically
desi d . d Addition of Addition of Acetonitrile Mix Sample Crash and Elute
esigned to remove protein an Spiked Plasma Samples w/ 1% Formic Acid {using positive prassure vacuum manifold)

phospholipids from plasma prior to LC-MS
. . . . Figure 3: Phospholipid removal protocol showing the quick and easy to perform steps.
analysis. It provides a quicker and easier

method to efficiently remove proteins and demonstrate that despite different sources flexibility of the product to give good
phospholipids from plasma and prepare of plasma, reproducible recovery and recovery results independent of the
samples for injection (Figure 3). phospholipid removal can be achieved. compound classification. There was a

The advantage of this method over other range of hydrophobicities between the
sample preparation techniques is the speed . compounds which spanned from 1.61 for
and ease of developing a method to run Experimental hydrocortisone up to 4.92 for amitriptyline
plasma samples. Method development is The compounds tested in this application to test the impact of hydrophobicity of the
as simple as either diluting viscous samples note consisted of two acidic, basic analytes on recovery.

with water or adjusting the volume of and neutral analytes. This tested the

organic solvent at the protein crash step. Table 1: Properties of analytes tested with chemical properties and retention times on the analytical run -

Compared to SPE, phospholipid removal by *Predicted value from Drugbank [8] ®Predicted value from Pubchem [9].

Microlute® PLR offers a faster and simpler
. . Peak Retention | Compound Molecular N
process to develop methods allowing higher . o Compound . - Formula LogP| pKa
identifier Time (min) Class Mass
throughput with less hands-on time.
1 Propranolol 0.50 Base C,H,,NO, 259.3 3.48° 9.42
This application explores the differences of 2 Amitriptyline 1.10 Base C,H,N 2774 | 4922 | 9.40
phospholipids present in human, bovine, 3 Carbamazepine | 1.10 Neutral C,H,N,0 2363 | 277 |15.96,-38
Pig and rat plasma sources, specifically 4 | Hydrocortisone | 1.15 Neutral C,H, 0. 3625 | 1.61° [1259,-2.8
theh?omp(;s't'o“ OAflphOSpr"p'dls Presf”t 5 Ketoprofen 190 Acid C,H,.0, 2543 | 312° | 445
wit I'” each type. ;’”9 wit la”f ys'sho . 6 Diclofenac 265 Acid  |C,H,CLNO,| 2961 [ 451 | 415
t t
Zh; e treC: Veri ar .;emo.va fh ei; Ol te® 7 16:0 LPC 290 | Phospholipid | C,H,NOP | 4956 | 56° ]
P'LRG;Z” p” OTpt O(IIDF;IL;oqu&‘:;gom? T:ro e 8 18:0 LPC 315 | Phospholipid | C,H.NOP | 5237 | 66 -

e f ° eth e dce ese | 9 34:1 SM 370 | Phospholipid | C.H.N,OP | 7030 | 120° -
sources are from the three classes commonly 10 34:2 PC 420 | Phospholipid | C_H,NOP | 7461 | 133 :
used in DMPK studies - human, rodent (rat) —

. . 1" 36:2 PC 4.35 Phospholipid | C,,H,,NO,P 786.1 14.0° -
and non-rodent (bovine and pig). Here we —
12 38:4 PC 4.40 Phospholipid | C,,H,,NO,P 796.1 14.1° -
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Instrument Methods

Table 2: LC system conditions for chromatographic separation of basic analytes.

Agilent LC-MS, consisting of a 1260 LC and Single
Quadrupole Mass Spectrometer.
LC system
Computer running chromatographic software
(OpenLabs)
Column Raptor Biphenyl 30 x 2.1mm, 1.8um
Column temp. 30°C
Injection volume 2.00 pL
Flow rate 400 pL/min
Mobile phase A 0.1% Formic acid in water
Mobile phase B 0.1% Formic acid in methanol
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Time (min) A% B%
0.00 45.0 55.0
0.10 45.0 55.0
Solvent Composition 0.11 100.0 0.0
4.00 100.0 0.0
4.01 45.0 55.0
8.25 45.0 55.0
Table 3: Mass spectrometer conditions.

Parameter Value

Gas Temperature 350°C

Gas Flow 13 L/min

Nebuliser 30 psi

Capillary Voltage 5000 V

Fragmentor Voltage 100V

Scan Type SIM

lon Mode ESI
2
1
3
5
4 &
I I B R - T R I T

Figure 4: Diagram of the analytes as separate overlaid SIM plot chromatograms. Peak assignments can be

found in Table 1.

Sample Preparation Method

Human, pig, bovine and rat plasma were
chosen for this application. All plasma was
obtained from Sigma-Aldrich®.

For each of the different plasma types,

a volume of plasma was spiked to a
concentration of 1.5 pg/mL and allowed to
equilibrate for 30 minutes. 100 pL of each of
the spiked plasma samples was added to six

wells of the plate and to just a single well, 100
ulL of each type of blank plasma was added for
matrix match standards. All plasma samples
were crashed with 300 L of an acetonitrile
solution containing 1% formic acid and
aspirated four times with a pipette to ensure
that the two solutions were completely mixed.
The crashed plasma solution was eluted into

a 1 mL collection plate (Cat no. 219250) using
5 PSI of positive pressure until the wells were
completely empty. The solutions prepared in
the collection plate were injected directly onto
the LC-MS system and analysed using the
conditions set out in Tables 2 and 3. Each of
the matrix match standards were spiked to a
concentration of 0.375 ug/mL.

Results and Discussion
Chromatography

Figure 4 shows the chromatography for the
method showing only the analyte peaks.
There are no major interfering peaks present
throughout. The early eluting peaks do tail
slightly which is due to the 75% acetonitrile
solution being injected from the collection
plate. This could be improved by diluting
with water or drying down and reconstituting
in a lower elution strength solution. For the
purpose of this application, this was not
performed as the LC method showed good
reproducibility injection-to-injection and
demonstrated the ability to quickly crash,
elute and inject onto a system and obtain
high and reproducible recovery.

Figure 5 shows the phospholipid peaks from
the method using the protein precipitated
samples. The peaks separated out well, with
the majority having no interferences. The
pig plasma has a shoulder peak on the 34:1
SM peak that is likely due to the presence
of an isomer. Due to the single quadrupole
instrument used, it is not possible to
separate out these isomers.

Plasma Comparison

This application note focused on six
different phospholipids which are common
in plasma - 16:0 LPC, 18:0 LPC, 34:1 SM, 34:2
PC, 36:2 PC and 38:4 PC. These range from
a LogP of 5.6 for 16:0 LPC to 14.1 for 38:4 PC
[9]. The shorter chained phospholipids (16:0
and 18:0 LPC) are most likely to co-elute with
analytes due to their lower hydrophobicity.
The longer chained phospholipids are more
likely to stick to the HPLC columns and/

or elute at irregular intervals and cause
unexpected peaks and matrix effects.

For this application it was useful to show the

relative difference of the amount of each
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Figure 5: Chromatogram of the phospholipids in a protein precipitation of each plasma - a) human b) pig c) bovine d) rat. Peak assignments can be found in Table 1.

phospholipid present in each sample. Table
4 shows the different relative compositions
of the phospholipids in each protein
precipitate plasma sample with the values
plotted for comparison in Figure 6. From
these values, it is possible to compare the
compositions of each of the different plasma
samples to each other.

This is a useful indication of how easy or
difficult it would be to remove the different

% Composition of Total PL Area Measured
&

phospholipids, their likelihood in interfering

. 1
0 A T r——— T

16:0LPC 18:0LPC 34:15M 34:2PC

38:4 PC

N
with ionisation or whether they are more likely 36:2PC

to cause issues with build-up on LC columns. mBovine WPig mHuman mRat
For example, a higher amount of the less
hydrophobic phospholipids (16:0 or 18:0

LPC) would indicate it is less likely to cause

Figure 6: Comparison of different plasma compositions of phospholipids. Values were calculated by

dividing the area of each phospholipid peak by the total combined area of all six phospholipids.

LC column build-up but more likely to end

Reproducible methods mean less Table 5 shows the phospholipid removal

up eluting with analytes. While the inverse

samples need to be tested to be for each of the plasma samples tested. All

case of higher amounts of hydrophobic

confident in results analysed. highly hydrophobic phospholipids were

phospholipids would potentially end up with removed. For the two lysophospholipids,

) ® More sensitive methods due to reduced
them being bound to the LC column. : : . only a trace amount were left with the
ion suppression. This allows for less

sample to be used during analysis. lowest removal of 99.4% for both the pig

and human plasma. The total phospholipid

Phospholipid Removal ¢ Increased column lifetime by reducing

removal was calculated by weighting

phospholipids being adsorbed onto the

Phospholipid removal is an important each removal by the composition of the

stationary phase.

consideration with bioanalysis due to the phospholipids analysed in Table 4. This data

advantages that could be gained [12]: e Reducing contaminating matrix showed that phospholipid removal was

components entering the source to achieved for each of the four samples.

e |t leads to more reproducible methods

due to matrix effects being reduced. minimise maintenance downtime.

Table 4: Plasma properties along with a summary of plasma composition data a - Value from source [10] b - Value from source [11].

Plasma Total

Plasma Percent of Total Area Measured (%) . . .
Samole Viscosity Protein
P 16:0 LPC 18:0 LPC 34:1 SM 34:2 PC 36:2 PC 38:4 PC (mPa s) [10] (g dlI")

Bovine 40.1 39.6 1.6 11.0 5.5 2.3 1.72 7.22

Pig 42.3 28.0 2.6 13.5 54 8.1 1.58 492

Human 56.2 21.7 0.6 17.3 2.8 1.3 1.59 7.2°

Rat 62.3 35.6 0.5 1.3 0.1 0.1 1.24 6.1°
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Table 5: Phospholipid removal for the six phospholipids tested. The values are the average removal for six

replicates of each plasma.

Plasma 16:0 18:0 34:1 34:2 36:2 38:4 Total
Sample LPC LPC SM PC PC PC
Bovine 99.6 99.9 100.0 | 100.0 100.0 100.0 99.8
Pig 99.4 99.6 100.0 | 100.0 100.0 100.0 99.6
Human 99.4 99.9 100.0 | 100.0 100.0 100.0 99.7
Rat 99.7 100.0 100.0 | 100.0 100.0 100.0 99.8
10 -
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Amitriptyline Carbamazepine Diclofenac

Hydrocortisone Ketoprofen

Propranolol Average

mBovine mPig mHuman mRat

Figure 7: Percent recovery values for each analyte. Values plotted are mean recovery of six replicates. Error

bars show the standard deviation of the data set.

Recovery

Recovery of analytes from each plasma
processed with the Microlute® PLR 96

well plate is shown in Figure 7. Each

value plotted is the mean recovery of six
replicates injected onto the LC-MS system.
The analytes were a mixture of acidic, basic
and neutral compounds over a range of
hydrophobicities - see Table 1 for details
on the compounds. All recoveries were
greater than 90% showing the Microlute®
PLR is highly effective and reproducible
for obtaining high recoveries without

compromising the removal of phospholipids.
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Reproducibility

Well-to-well reproducibility is an important
metric to provide confidence in data.

The lower the %RSD value, the more
reproducible the results. Chromatographic
bioanalytical methods typically have a
guideline of 10-15 % RSD limit set when the
method is validated [13, 14].

Figure 8 shows the data for the
reproducibility. The data ranged from 0.88
%RSD for amitriptyline in bovine plasma to
5.74% RSD for ketoprofen in pig plasma.
The data show that the reproducibility for
every analyte in the four plasmas were well
in specification to meet the typical %RSD

Amitriptyline Carbamazepine Diclofenac

Hydrocortisone Ketoprofen

Propranclol Average

mBovine mPig ®mHuman Rat
Figure 8: %RSD values of analytes showing the well-to-well reproducibility (n=6).

guidelines chosen during bioanalytical
method validation for drug development.

Summary

Microlute® PLR 96 well plate is an easy-to-

use product with a quick protocol. It offers
complete phospholipid removal for a range
of plasma samples with differing phospholipid
compositions and properties (viscosity and
protein amount) with no compromise on
recovery or reproducibility of analytes.
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