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1 | INTRODUCTION

Background: Phosphatidylethanols (PEths) are specific, direct alcohol biomarkers
that can be determined in human blood to distinguish between heavy and social
drinking. PEth 16:0/18:1 is among the most predominant PEth homologues in human
blood. The aim of the study was to develop a high throughput and sensitive UHPLC-
MS/MS method for the determination of PEth 16:0/18:1 in whole blood.

Methods: Whole blood samples were prepared by 96-well supported liquid extrac-
tion (SLE). Extracted samples were analyzed for PEth 16:0/18:1 by reversed phase
UHPLC-MS/MS.

Results: The developed UHPLC-MS/MS method was fully validated in whole blood
with PEth 16:0/18:1-D; as internal standard. Intermediate precision and intermediate
accuracy were within <+ 12% and <+ 17%, respectively, at PEth 16:0/18:1 concentra-
tions of 1.4-2112 ng/mL (2.0-3004 nmol/L). Limit of quantification (LOQ) was
1.7 ng/mL (2.4 nmol/L).

Conclusion: For the first time, 96-well SLE was used for preparation of a PEth homo-
logue in biological samples. A mixture of tert-butyl methyl ether and 2-propanol (5:1,
v:v) was chosen as organic eluent based on an evaluation of extraction recovery,
purity of extracts, and evaporation time. The developed UHPLC-MS/MS method can
be used for high throughput analyses and sensitive determinations of PEth 16:0/18:1

in whole blood.

KEYWORDS
96-well supported liquid extraction, Alcohol, LC-MS/MS, PEth 16:0/18:1,
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epidemiological studies related to alcohol use. Phosphatidylethanols
(PEths) are non-oxidative direct alcohol biomarkers, with a sub-

stantially longer half-life than ethanol, which can be determined in

Alcohol use is ranked as one of the top five highest risk factors for
disease, injury, and death, and alcohol abuse over time can aggra-
vate and accelerate the development of many diseases and lead to
complications.! In addition, use of alcohol is associated with social
and economic costs of society.! Better assessment of the patients’
alcohol use will have great impact on both clinical practice and

human blood to distinguish between heavy and social drinking.?”
PEths have a common phosphoethanol “head” linked to two fatty
acid chains of variable lengths and degree of saturation. More
than 40 PEths have been detected in blood from heavy drinkers,®

and among the most predominant ones in human blood are PEth
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16:0/18:1, PEth 16:0/18:2, and PEth 18:1/18:1.”*! The distribution
of different PEths in human blood shows inter- and intra-individual
variations, and alcohol habits and other factors such as a person’s
diet and diseases might influence the distribution of PEth homo-
logues.'?® Nalesso et al'® identified 17 different PEths in blood
from alcohol-dependent subjects, whereas only PEth 16:0/18:1 and
PEth 16:0/18:2 were found in blood from social drinkers. The av-
erage half-life of PEth is approximately 3-5 days for heavy drinkers
and 10-12 days for persons with no or low alcohol consumption.“‘15
A blood concentration of PEth 2211 ng/mL (300 nmol/L) indicates
alcohol abuse, whereas a PEth concentrations <21 ng/mL (<30 nmo-
I/L) indicate low alcohol consumption.'*

LC-MS/MS is commonly used for PEth analysis due to high sensi-
tivity and due to the possibility to distinguish between the different
PEth homologues.""&m’16 A review published in 2016 by Oppolzer
et al*® shows that most LC-MS/MS methods used for the determi-
nation of PEths in blood employ sample preparation by liquid-liquid
extraction (LLE) using 2-propanol and hexane as organic solvents.
Aradottir and Olsson®’ reported PEth recovery to be 25% higher
when 2-propanol was added before hexane compared to when
a mixture of the two compounds was added, probably due to the
phospholipids from the cell membranes becoming more available
after the lipid-protein linkages are broken by adding 2-propanol.
Protein precipitation (PPT) and solid phase extraction (SPE) have
also been used for sample preparation of PEths from biological sam-
ples.’%181 Recently, Andreassen et al?® described a high through-
put UHPLC-MS/MS method for determination of PEth 16:0/18:1 in
whole blood using 96-well PPT with 2-propanol as organic solvent.
Supported liquid extraction (SLE) is another technique that that is
fast and easy which can be used for isolation of different compounds
from biological samples, and a technique that often generates
cleaner extracts than what is obtained by PPT.2%?” By 96-well SLE,
the sample preparation time and the need for manual interventions
can be significantly reduced compared to single vial LLE, SPE, SLE,
and PPT.283 For laboratories doing large volume PEth analyses, a
method combining a high throughput sample preparation by 96-well
SLE with a sensitive and selective determination by UHPLC-MS/MS
can be of great interest.

To the best of our knowledge, we present the first UHPLC-MS/
MS method for the determination of PEth in whole blood using SLE
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for sample preparation. Different organic mixtures of MTBE/2-
propanol and of heptane/ethyl acetate were investigated for the
96-well SLE to find the best compromise between getting a high
recovery for PEth 16:0/18:1, clean extracts and short evaporation

time. Recently, Nguyen et al®?

report a high recovery of PEth pre-
pared from red blood cell stroma by LLE using MTBE as the organic
solvent in their UHPLC-MS/MS method. For our 96-well SLE, we had
to include 2-propanol in addition to MTBE to get a satisfactory re-
covery for PEth 16:0/18:1. Figure 1 shows the molecular structure

of PEth 16:0/18:1 and the internal standard PEth 16:0/18:1-D..

2 | MATERIALS AND METHODS

2.1 | Chemicals and materials

PEth 16:0/18:1, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanol,
used for calibrators and control samples (QCs), was purchased from
Avanti Polar Lipids (Alabaster, AL, USA). The internal standard, PEth
16:0/18:1-D;, was purchased from Chiron AS (Trondheim, Norway).
Methanol (MeOH) of LC-MS grade was acquired from Honeywell
(Seelze, Germany), and acetonitrile (ACN) of HPLC Far UV grade
was purchased from JT. Baker (Deventer, the Netherlands). MTBE,
2-propanol, ethyl acetate and n-heptane were purchased from
Merck (Darmstadt, Germany). Formic acid (98%) was acquired from
VWR International AS (Oslo, Norway). Type 1 water (18.2 MQ) puri-
fied with a Synthesis A 10 milli-Q system from Millipore (Billerica,
MA, USA) was used. Human whole blood was obtained from the
Blood bank at Oslo University Hospital Ullevaal (Oslo, Norway).

2.2 | Whole blood samples

Human whole blood samples from hospital patients with so-
matic illness participating in a research study were collected to
determine PEth 16:0/18:1 concentrations. The samples were re-
ceived in 5 mL BD Vacutainer®Plus glass blood collection tubes
containing 10 mg sodium fluoride and 8 mg potassium oxalate
from BD (Franklin Lake, NJ, USA). An amount of 100 uL blood
was transferred to 5 mL polypropylene tubes from Sarstedt AG

(Rommelsdorf, Germany) and stored at 4°C before analysis. Blank
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whole blood obtained from non-alcohol drinkers or PEth negative
whole blood samples were used when the method was validated.
The blank blood from non-alcohol drinkers were collected in the
same collection tubes as the samples from the hospital patients
with somatic illness. An exception was the recovery test, which
was investigated using whole blood containing 2 g sodium fluo-
ride, 6 mL heparin and 10 mL water per 450 mL blood obtained
from the Blood Bank at Ullevaal Oslo University Hospital (Oslo,

Norway).

2.3 | Preparation of calibrators, quality control
samples, and internal standards

Stock solutions of PEth 16:0/18:1 and the internal standard PEth
16:0/18:1-D, were prepared in 2-propanol/ACN (1:1, v:v). Calibrator
and QC working solutions were prepared in 2-propanol/ACN (1:1,
v:v) by appropriate dilution of the stock solutions. Internal stand-
ard working solution containing PEth 16:0/18:1-D, was prepared
in 2-propanol/ACN (1:1, v:v) at a concentration of 1129 ng/mL
(1606 nmol/L).

2.4 | Sample preparation

Calibrator and QC samples were prepared by first adding 100 pL
whole blood and 100 pL Type 1 water to plastic tubes; then, 25 pL
of the calibrator or QC sample working solutions was added. The
unknown blood samples (100 uL blood) were added 100 pL Type
1 water and 25 pL 2-propanol/ACN (1:1, v:v). Thereafter, 25 pL
internal standard working solution was added to all the tubes
(calibrators, QC samples, blank samples and blood samples) and
vortexed. The samples were then transferred to an Isolute 96-
well SLE+ plate with 400 pL bed volumes from Biotage (Uppsala,
Sweden) using an 8-channel pipette with adjustable spacer from
Mettler-Toledo (Oakland, CA, USA). When necessary, vacuum was
applied for approximately 10-15 seconds to adsorb the sample
to the sorbent. Subsequently, 500 pL 2-propanol/MTBE (1:5, v:v)
was added to the wells in the 96-SLE plate. The elution step was
performed twice and vacuum was applied for complete elution
of the organic eluent into a 96-well collection plate. The samples
were evaporated to dryness with a N, pressure of 45 psi at 45°C
within approximately 15 minutes using a TurboVap 96-well plate
evaporator from Biotage (Charlotte, NC, USA). Evaporation time

was approximately 15 minutes. The residues were reconstituted

in 100 pL 2-propanol/ACN (1:1, v:v). Finally the 96-well col-
lection plate was sealed with a self-closing rapid slit seal from
BioChromato (Fujisawa-shi, Japan), vortexed and then placed in

the sample organizer for UHPLC-MS/MS analysis.

2.5 | Instrumental analysis

UHPLC-MS/MS analyses were performed on a 1290 Infinity UHPLC
and a 6490 triple quadrupole MS, both from Agilent Technologies
(Waldbronn, Germany) with an Agilent Jet Stream Electrospray
lonization (ESI) interface in negative mode. Chromatographic sepa-
rations were performed on a HSS T3 C,5-column (100 mm x 2.1 mm
i.d., 1.8 um particles) from Waters (Milford, MA, USA) at a column
temperature of 65°C and a mobile phase flow rate of 0.6 mL/min.
Mobile phase was a mixture of 5 mmol/L ammonium formate buffer
(pH 5)/ACN (5:1, v:v) as solvent A, and MeOH/ACN (1:5, v:v) as sol-
vent B. The gradient profile was: 0.0-2.5 minutes, 80%-100% B; 2.5-
4.7 minutes, 100% B; 4.7-4.8 minutes, 100%-80% B; 4.8-5.5 minutes,
80% B. The injection volume was 5.0 pL. Negative ESI-MS/MS de-
tection was performed in multiple reaction monitoring (MRM) mode
with nitrogen as collision gas. The ESI-MS/MS detections were per-
formed with a sheath gas heater temperature of 200°C, a sheath gas
flow of 11 (L/h), a gas temperature of 200°C, a gas flow of 14 L/min,
and a capillary voltage of 3 kV. Data processing was performed using
Agilent MassHunter Quantitative Analysis software (version B.07.00
from Agilent Technologies, Santa Clara, CA, USA). Table 1 shows the
analyte and internal standard MRM transitions, fragmentation ion

voltages, collision energies, and dwell times.

2.6 | Method validation

The method validation was performed using whole blood as matrix
and included: calibration curves, inter-assay precision and accuracy,
limit of detection (LOD), limit of quantification (LOQ), recovery, ma-
trix effects (ME), carry-over, and stability. There are many guidelines
and recommendations for validation of analytical methods that are
published.®3% The validation of the method in this study is based on
internal guidelines used at Oslo University Hospital for bioanalytical
LC-MS/MS methods, which are partly based on previously published
papers by Magnusson and U. Ornemark, by Rivier and by Peters
et al®***>%® Whole blood used for calibrators and QC samples was
obtained from person’s not drinking alcohol and from PEth negative

whole blood samples.

TABLE 1 Multiple reaction monitoring (MRM) transitions, fragmentation ion voltages, collision energies, and dwell times

MRM transition

Time window Peth 16:0/18:1 Peth 16:0/18:1-D

706.5 > 281.2%
706.5 > 255.2

701.5 > 281.2°
701.5 > 255.2

1.5-3.5
1L.5-315

2Quantifier MRM transition.

MS/MS parameters

Fragmentation Collision energy

voltage (V) (eV) Dwell times (ms)
380 40 200
380 45 200
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3 | RESULTS AND DISCUSSION

The aim of the present study was to develop and validate a rapid,
sensitive, accurate, precise, and robust UHPLC-MS/MS method for
determination of PEth 16:0/18:1 in whole blood.

3.1 | Optimization of sample preparation

It can be difficult to obtain clean extracts when PEths are prepared
from whole blood as PEths are phospholipids and therefore dif-
ficult to isolate from other phospholipids. At first, we tested PPT
with 2-propanol and then LLE using an organic solvent mixture of
hexane/2-propanol, heptane/2-propanol, or MTBE/2-propanol, all
mixtures containing 40% of 2-propanol. The highest PEth 16:0/18:1
responses were observed with LLE using MTBE/2-propanol as or-
ganic solvent (data not shown). To increase sample throughput,
96-well SLE was investigated using different MTBE/2-propanol mix-
tures. In addition, mixtures of ethyl acetate/heptane were examined,
as ethyl acetate/heptane (5:1, v:v) has been successfully used in our
laboratory to extract many other compounds from whole blood in
forensic toxicology analyses.23’4°'41 Table 2 shows the recovery of
PEth 16:0/18:1 obtained in these experiments.

Mixtures of MTBE/2-propanol gave the highest PEth 16:0/18:1
recoveries. A mixture of MTBE/2-propanol with 20% 2-propanol
was chosen for the validated method, due to a relatively high PEth
16:0/18:1 recovery, and because the extracts were cleaner (visually
observed) and the evaporation time was shorter compared to when

30% and 40% 2-propanol was used in the mixture.

3.2 | UHPLC-MS/MS analysis

Phosphatidylethanols are lipophilic compounds that normally have
a high retention in reversed phase LC-MS/MS systems, unless the

amount of organic solvent in the mobile phase is kept high. The

retention of PEths can also be reduced using ACN and/or 2-propanol
asorganicsolventinstead of using methanol. Preliminary UHPLC-MS/
MS analyses were performed by testing different mobile phase com-
positions on either an Acquity BEH C,g column (50 mm x 2.1 mm
i.d., 1.7 pm particles) or on an Acquity HSS T3 column (100 mm x
2.1 mm i.d., 1.8 um particles). A mobile phase consisting of ammo-
nium formate (pH 5)/ACN (5:1, v:v) and an organic phase consisting
of methanol/ACN (1:5, v:v) was chosen, as this combination gave the
highest peak responses and signal/noise (S/N) values of the tested

conditions (Figure 2).

3.3 | Matrix matching of calibrators and QC samples

The scientific working group for forensic toxicology (SWGTOX)*?
recommends that calibrators and QC samples are matrix matched.
In this study, whole blood was used as matrix for calibrators and
QC samples when the method was validated. However, as PEth-
free blood can be difficult to obtain, part of the method was also
validated using Type 1 water as surrogate matrix for calibrators and
QC samples (see Table S1). Hewavitharana have previously shown
that a co-eluting isotope labeled internal standard can eliminate
the need for matrix matching.43 The recent review published in
2016 by Thakare et al®® shows there are a lot of different solvents
that are used as surrogate matrixes. In an experiment compar-
ing the use of blank blood and Type 1 water as matrix for stand-
ard samples, we observed that peak response ratios of analyte/
internal standard were independent of the matrix (Table 3). This
indicates that matrix matching may not be necessary. However, if
samples studied have a higher concentration than the upper LOQ,
dilution of the samples before analysis is required. In such cases,
matrix matching is usually necessary as dilution effects may not
be tracked by the internal standard that is added after the dilu-
tion. As shown in Table 3, also the influence of addition order

(whole blood, Type 1 water, analyte working solution, and internal

TABLE 2 Recovery of PEth 16:0/18:1 using different elution solvents for 96-well SLE

PEth 16:0/18:1

concentration Elution solvent(s) Recovery?

(nmol/L) ng/mL n MTBE (%) 2-propanol (%) Ethylacetate (%) Heptane (%) Recovery (%) RSD (%)
100 70 4 100 0 0 0 3 10
100 70 4 90 10 0 0 24 10
100 70 4 80 20 0 0 49 2
100 70 4 70 30 0 0 58

100 70 4 60 40 0 0 62

100 70 4 0 0 100 0 13 10
100 70 4 0 0 90 10 10 14
100 70 4 0 0 80 20 5 13
100 70 4 0 0 70 30 3 12
100 70 4 0 0 60 40 2 39

@Recovery for each set was determined as: (Average calculated concentration of samples added PEth before extraction/Average calculated concentra-
tion of samples added PEth 16:0/18:1 after extraction) x 100. Internal standard was added after extraction in all samples.
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(A) 3 TIC
! Solvent A Solvent B
{ 1: 5mM NH,-form.  MeOH
: | (pH 10.2)
|‘ 2: 5 mM NH,-form. MeOH/ACN (1:5)
\ (pH 5.0) / ACN
/' (5:1)
L ] 3: 10 mM NH, form  MeOH
(pH 3.1)
v 2!0 3{0 Time (min)
FIGURE 2 Total ion chromatograms ) Column
(TICs), not normalized (A), and normalized (B) Lo TIC normalized 1 Acquity BEH (50 x 2.1 mm ID)
(B), obtained by UHPLC-MS/MS analysis .
of standard samples containing PEth 2 Acquity HSST3 (100 x 2.1 mm ID)
16:0/18:1 and the internal standard. 3. Acquity HSS T3 (100 x 2.1 mm ID)
Gradient profile used was the same as for 05
the validated method. Injection volume
was 2 pL. Each of the three numbered 1_.
sets contains two peaks (overlaid). The | 3
two peaks represent injections of two 00 g
standard samples that had two different >
concentrations 2.0 3I.0 4.0 Time (min)

standard working solution) was tested. The addition order had
great impact on the PEth peak responses, but peak response ratio
(analyte/internal standard) were not affected (Table 3). The low
peak responses for the blood samples added working solutions
(2-propanol/ACN, 1:1, v,v) before Type 1 water can be explained
by clogging/precipitation of the blood.

3.4 | Method validation

Method validation of intermediate precision and accuracy, LOD,
LOQ, recovery, matrix effects, and stability were investigated using
human blood as matrix. In addition, intermediate precision, accuracy,
LOD, LOQ were also investigated using Type 1 water as surrogate
matrix (Table S1). To be able to correct for variations in sample prepa-
ration recovery and/or ion suppression/enhancement effects during
LC-MS/MS analysis, it is important to include stable isotope labeled
internal standards in bioanalytical methods.***” PEth 16:0/18:1-Dj

was used as internal standard in this study.

3.4.1 | Calibration curves

Seven calibrators with one replicate for each level and with PEth
16:0/18:1 concentrations within 3.5-2114 ng/mL (5.0-3007 nmol/L)
were used for the calibration curves. Quadratic or linear calibration
curves (weighted 1/x) were constructed by plotting the ratio of the
peak height of PEth 16:0/18:1 against the peak height of the isotope
labeled internal standard. The average coefficient of determination
(R?) value for the eight assays used to determine precision and ac-
curacy was 0.998. The relative standard deviation (RSD) for the R?
values was 0.25%. In each assay, %-deviation from theoretical value

for the calibrators were <+ 20% and the ion ratio for the qualifier

MRM transition for both analyte and internal standard was <+ 20%

from the expected ion ratio value.

3.4.2 | Precision and accuracy

Intermediate precision and accuracy were determined from the cal-
culated concentrations of QC samples from eight different assays
prepared and analyzed within a time period of two weeks. QC sam-
ples with eight different concentrations with one replicate for each
QC sample were included in each assay. Accuracy (bias) was deter-
mined by calculating the deviation in percent between the mean of
the measured PEth 16:0/18:1 concentration in the QC samples and
the theoretical PEth 16:0/18:1 concentrations. The inter-assay preci-
sion was determined as the RSD values obtained at each of the eight
concentration levels. The inter-assay precision and accuracy data are

provided in Table 4.

34.3 | LODandLOQ

Limit of detection and LOQ were determined from Equations 1 and
2, respectively, and based on data from the same QC samples that
were analyzed to determine intermediate accuracy and precision. To
avoid unrealistic low values, the standard deviation of a QC sample
with low analyte concentration was used instead of using the stand-
ard deviation of a blank sample for the calculations, as described by
Armbruster et al.*®*? Additional requests for LOD and LOQ were
that the S/N values of both MRM transitions needed to be 23 and
210, respectively, and that for LOQ the inter-assay precision and ac-
curacy values (Table 4) both were <20%.
LOD = 3.3 xstandard deviation of QCy 4ng/m.

+ Blank mean concentration (1)
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TABLE 4

PEth 16:0/18:1

concentration Accuracy and precision (n = 8)°

WILEY-7°™

Inter-assay accuracy and precision, recovery, and matrix effects

Recovery (n = 4)° Matrix effects®

(nmol/L) (ng/mL) Accuracy (bias %) Precision (% RSD)
1.0 0.7 40 23
2.0 14 17 8
5.0 3.5 7 8
20 14 11 6
25 18

50 35 ) 5
100 70

250 176

505 355 -10 6
1004 706 & 6
3004 2112 12 12

Recovery (%) RSD (%) ME RSD (%) ME corrected
90 9 103
90 11 103
49 2
85 12 99

Determination based on extracted whole blood QC samples with eight different concentrations, analyzed on eight series.

PDetermined in two different human blood samples with two parallels of each blood sample at one concentration.

‘Determined in four different human blood samples with two parallels of each blood sample at three different Peth 16:0/18:1 concentrations. PEth
16:0/18:1 concentrations are the theoretical concentrations in autosampler vial.

LOQ=10xstandard deviation of QC4 4ng/m; @)

+Blank mean concentration

The LOD and LOQ values determined were as follows: 0.8 ng/
mL (1.2 nmol/L) and 1.7 ng/mL (2.4 nmol/L), respectively. In
Figure 3A, the MRM chromatogram of a QC sample with a PEth
16:0/18:1 concentration of 1.4 ng/mL (2 nmol/L) is presented. In
Figure 3B, the MRM chromatogram of an extracted blank whole
blood sample is shown. The minor PEth 16:0/18:1 peaks seen in
Figure 3B (not integrated) at heights corresponding to approxi-
mately 1/10 of LOQ are probably caused by to the presence of a
little PEth in the blank whole blood.

3.4.4 | Matrix effects

ME were investigated at three concentration levels according to the
procedure described by Matuszewski et al.’® Two sets of samples
were analyzed at each concentration level. In set 1 (n = 8), human
blood samples from four different sources were extracted, evapo-
rated, and added 100 pL reconstitution solvent. The extract (90 ulL)
was then transferred to autosampler vials and spiked with PEth
16:0/18:1 and internal standard. In set 2 (n = 8), empty autosampler
vials were added 90 pL reconstitution solvent and then spiked with
PEth 16:0/18:1 and internal standard. Sample solvent composition
and total volume of the samples in set 1 and set 2 were the same. All
samples were analyzed by the developed UHPLC-MS/MS method.
ME were calculated by Equation 3.

E_ Peak height Set1

=———— %100 (3)
Peak height Set2

ME = 100 indicates that there were no ME, whereas ME >100 indi-
cates possible matrix enhancement and ME <100 indicates possible
matrix suppression. Minor ion suppression effects were observed;
however, the co-eluting isotope labeled internal standard corrected
for these effects (Table 4).

3.4.5 | Recovery

Recovery was studied by spiking PEth 16:0/18:1 to human blood
samples before sample preparation (n = 4 per level) and after sample
preparation (n = 4 per level). In both cases, the internal standard was
added after sample preparation. A mixture of 2-propanol/ACN (1:1,
v:v, 25 or 50 pL) was added to the samples before the 96-well SLE
to be sure that the sample composition (blood, organic solvents, and
Type 1 water) was the same as for ordinary samples extracted by the
validated method. Recovery was calculated as mean calculated con-
centration of samples added analyte prior to preparation, compared
to mean calculated concentrations of samples added analyte after
sample preparation. The recovery of PEth 16:0/18:1 was determined
to be approximately 50% (Table 4). A recovery of 50% was consid-
ered enough as the internal standard PEth 16:0/18:1 is expected
to correct for recovery variations and possible ion suppression/en-

hancement effects.

3.4.6 | Carry-over

Carry-over was investigated by injecting an extracted standard sample
with a PEth 16:0/18:1 concentration of 2114 ng/mL (3007 nmol/L) and
then three subsequent injections of extracted blank samples. Average
carry-over was 0.03% in the first blank samples (n = 4) and 0.01% in
the second blank samples (n = 4) and 0.00% in the third blank samples
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(n = 4). The same average carry-over values were obtained for calcula-
tions based on peak heights as for calculations based on calculated con-
centrations. To minimize possible carry-over, two blank samples have
been analyzed after the highest calibrator and two blank samples have
been were analyzed after the QC sample with the highest concentra-
tion. If an authentic sample with low PEth concentrations is analyzed
behind a sample with a high PEth concentration, the sample should be

reanalyzed to avoid/minimize possible carry-over.

3.4.7 | Stability

In previous stability studies, Helander and Zheng, and Aradottir and
Olsson have found PEth to be stable in blood samples stored at 4°C

for at least 5 days and for three weeks, respectively,®” whereas
Faller et al®® found PEth to be unstable (concentrations deviated
>+ 20%) with decreasing concentrations after just a few days stor-
age at 4°C. The developed method is and will be used to determine
PEth 16:0/18:1 in whole blood samples stored at 4°C before analy-
sis. Table 5 shows that PEth 16:0/18:1 blood concentrations were
quite stable with calculated concentrations from the blood samples
stored 36 and 71 days being <+30% of the calculated concentrations
obtained in the same blood samples analyzed the day of arrival. In
addition to stability in whole blood, the stability of PEth 16:0/18:1
in extracted samples placed in autosampler at 10°C was investi-
gated by reanalyzing samples that had been stored in autosampler

for 8 days. This test was performed for the same five samples that
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were analyzed regarding the comparison of concentrations with ref-
erence laboratories (Section 3.4.8), and showed that the calculated
concentrations obtained after 8 days storage in 96-well collection
plate were < + 10% of the calculated concentrations obtained the
first time the samples were analyzed. An alternative technique that
can increase stability of compounds during storage and transpor-
tation is dried blood spot (DBS) analysis.>? DBS is also a technique
that can offer other advantages, such as less invasive blood sample
collection and relatively simple sample preparation. In several of the
LC-MS/MS methods developed to determine PEth in whole blood
DBS has been used.>%>¢

3.4.8 | Comparison with a reference laboratory

For comparison with reference laboratories, five unknown blood
samples were analyzed in our laboratory by the developed method
and by two other laboratories that were using other sample prepara-
tion procedures and a different setup for their LC-MS/MS analyses.
Calculated concentrations obtained by reference laboratory 1 and 2
were within 18%-31% and 3%-33%, respectively, compared to the
concentrations obtained in our laboratory by the developed method
(Table 5).

3.4.9 | Application of the method

The developed method will be used in a research project to deter-
mine PEth 16:0/18:1 in more than 2500 human whole blood samples
from hospital patients with somatic illness.

4 | CONCLUSIONS

A rapid and sensitive UHPLC-MS/MS method for determination of
PEth 16:0/18:1 in whole blood was developed and fully validated.
For the first time, 96-well SLE was used for the sample preparation
of PEth in whole blood.. Based on evaluation of recovery, purity of
extracts and evaporation time, a mixture of MTBE/2-propanol (5:1,
v:v) was chosen as organic eluent for the 96-well SLE. The method
was validated using whole blood as matrix. However, we found peak
response ratios (analyte/internal standard) to be the same in stand-
ard samples prepared in Type 1 water as the ratios for standard
samples prepared in whole blood, indicating that matrix matching
may not be necessary. The method can be used for high through-
put analysis and sensitive determinations of PEth 16:0/18:1 in whole
blood, which can be important in clinical practice and epidemiologi-
cal studies related to alcohol use.
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