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Abstract

A new extraction method has been developed for the extraction of prostaglan(®®GE,) from human plasma of patients suffering chronic
inflammatory disorders. The extraction solvents were optimised systematically and simultaneously by using a central composite design. Th
optimised method involves precipitation of the protein fraction, centrifugation, evaporation and dissolution of the supernatant in the mobile
phase, screening to confirm the presence of the analyte, and quantification of the positive samples by liquid chromatography tandem ion-tra
mass spectrometry. Tandem mass spectrometry in negative mode was performed by isolating and fragmenting the-idfT [SiGal m/z
351. Identification and quantification was carried out by extracting the ion fragment chromatograms at 333, 315mhhd T2¥ quantitative
determination was linear for the low nanogram (1-50 ng/ml) and upper picogram (400—-1000 pg/ml) range studied, using 15 and 0.5 ng/ml o
internal standard, respectively. The lower limit of detection was 2.5 pg for an injection volumeubfT%e optimised extraction method showed
high reproducibility (coefficients of variation <4%) and recovery values, estimated from standard addition experiments, ranging from 96 to 98%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction manufacturers and nowadays there are many prostaglandins
available commercially. Thus, qualitative and quantitative anal-
Prostaglandins are members of the lipid class of biochemicalgsis of prostaglandins may be a useful index of pharmaco-
derived from arachidonic acid by means of the cyclooxygedogical, physiological and pathological effects. Immunological
nase enzyme. These substances are known for their potenagsays (radioimmunoassay or enzyme immunoassay) are the
and varying physiological properties and pathological effectsnost widely used methods for the estimation of prostaglandins
[1,2]. Prostaglandin £E(PGE), one of the most widely studied due to their inherent sensitivity, inexpensiveness and simplicity.
prostaglandins, has bronchodilator acti@, promotes renal The main drawbacks of these assays are their lack of speci-
natriuresis and diures[4,5], increases motility and secretions ficity for complex biological fluids, such as plasma and urine
in the gastrointestinal traf8] and protects the brain cells from [16], trend to overestimate the levels of metabolites due to
stroke damagé7], but it is also associated with inflammation cross-reactivity, variability in the quantification of sequential
[8,9], pain[10,11] blood vessels constrictiqd2], blood clot-  samples and limitation to the detection of a single product at the
ting promotion[13], progression and metastases of a variety ottime[17,18] Single or coupled instrumental techniques, such as
animal and human tumours including breast, lung, and colomass spectrometry (MS), liquid (LC) and gas (GC) chromatog-
[14,15] Due to their positive—negative health effect dichotomyraphy, GCMS and LCMS are suitable and accepted alternatives
prostaglandins have been of significant interest over the lagb immunoassays in the analysis of prostaglan{ii®$. Deter-
several decades and attracted the attention of pharmaceuticalnation of prostaglandins in biological samples using single
or coupled chromatography techniques has been carried out
by means of a wide variety of analytical procedures, such as
* Corresponding author. Tel.: +47 55905115; fax: +47 55905299. derivatisation, degradation, solid-phase or liquid extraction, thin
E-mail address: pedro.araujo@nifes.no (P. Araujo). layer chromatography and combination of all these procedures.
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Thus, following the rapid development of analytical techniques,
there has been a growing trend in prostaglandin analysis in bio- | ® = 1200 l acetonitrile
logical fluids towards faster extraction time, development of O = 2400 ul acetonitrile
novel or simpler methods and improvement of the already exist-
ing methods in terms of simplicity, routine analysis, improved < soo——
quantification and automation. Articles regarding the extraction 2

and determination of prostaglandins in plasma using LCMS are = 600 |
not widespread; the current literature is focused on samples,
such as cultured cell lingd7,19-21] renal tissug22], liver
microsomeg23], seminal fluid424], gastric mucos{5], etc.
Recently, a simple and rapid extraction procedure based on the
precipitation of the protein fraction of human plasma samples 200~ Q

spiked with PGE and subsequent LC ion-trap MS analysis of

the supernatant has been propd@éd but a glaring error, that is { I | { I

spiking the samples with PGEstandard and internal standards 200 400 600 800 1000

after the precipitation step has taken place, precludes any fur- Methanol volume (ul)

ther conclusion on the accuracy and precision of this partiCUIa{Eig. 1. Central composite design used in the optimisation of the extraction
method. An extraction method which requires 1 h to derivatiseolvents.

the prostaglandins completely prior to LCMS quantification in a

high concentration calibration range (30-3000 ng/ml) has beetihe white cloud of protein micelles formed in the upper phase
reported27]. The aim of this study was to develop a rapid, sim- (methanol-water) with acetonitrile, the supernatant revealed the
ple and efficient method for the extraction of P&FEOmM human  presence of PGEA central composite experimental desjga]
plasma samples and subsequent screening and quantificatisas used to optimise the proportions of these extraction sol-
in the low nanogram range by using LC ion-trap MS/MS andvents. The experiments were arranged accordirggo1 and
experimental design. Screening methods based on LCMS/Mte studied concentrations of P&&tandard dissolved in blank
instrumentation are useful because they provide greater anplasma were 30 and 0.5 ng/ml. The total number of experiments
lytical efficiency and allow to discriminate endogenous levelssuggested by a central composite design is calculated according
(<0.012 ng/ml PGE, no detectable by LCMS) from pathological to the expression*22x+ 1 wherex represents the number of
levels. This allows the analytical effort to focus on quantificationvariables (methanol, water and acetonitrile). A total of 15 exper-

@ and O = 400 pl acetonitrile

g
)

Vi

400 @ (2:1]

Wate

of the positive samples. iments are required §2+ 2 x 3+ 1) in the present study, however
it is important to note that the methanol and water proportions
2. Experimental have been chosen purposely in order to bring about a region
where the methanol:water (v/v) ratio remains constant (white
2.1. Reagents circles inFig. 1). In this way it is possible to include in this con-

stant region a third factor, namely the influence of the amount
Prostaglandin £ and deuterated prostaglandin E2 (RGE of acetonitrile and optimise the 3 variables with 9 instead of the
d4) were purchased from Cayman Chemical (Ann Arbor, MI,compulsory 15 experiments.
USA). Acetonitrile and methanol were from Merck (Darmstadt, The optimisation strategy of the extraction procedure is as
Germany). De-ionized water was purified in a Milli-Q system follows: Nine test tubes containing 2p0of PGE, 30 ng/ml in

(Milli-Q system Millipore, Milford, MA). acetonitrile standard solution were taken and evaporated to dry-
ness under a stream of nitrogen at room temperature. Aliquots
2.2. Plasma samples of 200l of human plasma, drawn from a healthy patient with

not detectable levels of PGEwvere added into the test tubes and
Plasma samples were drawn from fasting patients sufferingortex-mixed for 2 min. Nine mixtures of methanol and water (l)
from chronic inflammatory disorders and under treatment withwere prepared according to the central composite design showed
pharmacological medication supplemented either with omega-# Fig. 1 The data inside the circleskig. 1represent the differ-
polyunsaturated fatty acid&{3 PUFAs) from seal oil om-6  ent methanol:water (v/v) ratios. Portions of 400vere taken
PUFAs from soy oil. Plasma samples were kept80°C prior  from 6 of the | mixtures (indicated iffig. 1 as black circles)

to analysis. and delivered into six of the nine test tubes containing 30 ng/ml
PGE, dissolved in plasma and vortex-mixed for 30 s. Aliquots
2.3. Extraction procedure optimisation design of 400wl of acetonitrile (Il) were added into these tubes fol-

lowed by further 40Qul of the aforesaid six mixtures of | and
Methanol, water and acetonitrile were the extraction solventsortex-mixed for 30 s after each addition. The addition sequence
used in this work. Their selection was based on preliminary — Il — | and vortex-mixing for 30 s after each addition, is
extraction experiments, using the Bligh and Dyer procef8f  repeated on the remaining three test tubes containing the PGE
to extract PGE from spiked plasma samples. The analyte wasstandard dissolved in plasma using 40®f | (white circles
not detected in the lower phase (chloroform). After precipitatingn Fig. 1 at constant methanol:water (v/v) ratios) and variable
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amounts of Il (400, 1200, 24Q4). After addition of the sol-  2.8. Statistics

vents, the test tubes were centrifuged at 3000 rpm for 10 min

at room temperature and the supernatants collected and evapo-Data were expressed as mean values and relative standard
rated to dryness under a stream of nitrogen at room temperaturdeviations. The statistical analysis was done by Statgraphics Plus
The dried samples are reconstituted inu30f acetonitrile, son- 5.1 software package.

icated for 30s, transferred to autosampler vials and submitted

to LCMS/MS analysis. 3. Results and discussion
The procedure described above was also applied to nine sam-
ples of blank plasma spiked with 0.5 ng/ml of P&SE 3.1. Solvents optimisation
2.4. Screening of PGE> in plasma samples The analyte [PGEH]~ m/z 351 was isolated and fragmented

into the ions [PGE-H,0O-H]~, [PGEK-2H,0-H]~ and [PGR-
Under optimal extraction conditions the procedure describe@H,0-44-H]~. The summation of the intensities of the char-
above, without the spiking step, was applied on plasma samplexcteristic fragments (333, 315 and 271z) in ion counts per
(n=6) from patients suffering chronic inflammatory disorders.second (icps) was recorded in order to select the optimal extrac-
The samples were submitted to LCMS/MS and the screenintion solvent condition. The extraction procedure and instrumen-
carried out by fragmenting the ion [PGH]~ signalm/z 351  tal precision were monitored by replicating the former three

and identifying the characteristic productions [P&E0-H]~,  times at every experimental point Fig. 1 and the latter by
[PGE-2H,0-H]~ and [PGR-2H,0-44-H]~ at 333, 315 and measuring repeatedly € 3) some of the individual extractions.
271mlz, respectively. Table 1shows the experimental results obtained after performing
the extractions of 30 and 0.5 ng/ml P&éissolved in plasma
2.5. Calibration curves at different methanol:water (v/v) ratios and different volumes

of acetonitrile. It can be seen from this table that the highest
Two calibration ranges 0-1 ng/ml (low range) and 1-50 ng/mimagnitudes of the analytical signal, at low and high RG&n-
(high range) were studied. A plasma sample from a healthgentration, were obtained at a methanol:water (v/v) ratios of
patient was spiked with different PGEnd PGRE-ds concentra-  3:1 and 2:1 at high and low concentration of BGE multiple
tions as is described above in order to construct the calibratiorange test that allows the statistical comparison of the recorded
curves. Six equally spaced PgEevels were prepared in the signals did not reveal significant differences between the signals
low (0, 0.2, 0.4, 0.6, 0.8, 1 ng/ml) and high (1, 10, 20, 30, 40,at 30 ng/ml PGEwhen the proportion of methanol is lower than
50 ng/ml) range using 0.5 and 15 ng/ml of P&=f, respectively.  the proportion of water (ratios 1:3, 1:2 and 3:5). At these ratios
there was no detection of the analytical signal at the low level
2.6. Plasma samples quantification of prostaglandin studied in this work. There were not signifi-
cant changes in the signal, at the two analytical concentration
Positive samples from the screening step were spiked witkevels, when the ratio methanol:water was kept constant and the
PGEx-das, treated according to the described extraction procevolume of acetonitrile was varied. In addition, the signals at

dure and submitted to LCMS/MS quantification analysis. 30 ng/ml of PGE recorded at the extraction point 5:3 ratio of
methanol:water and 4QQ of acetonitrile did not differ from
2.7. Liquid chromatography ion-trap mass spectrometry those found at constant ratio of methanol:water. The results in

Table lindicate clearly, that the efficiency of the extraction pro-

The LCITMS used in this study was an Agilent 1100 seriescedure in terms of signal magnitude and analytical concentration
LC/MSD trap, SL model with an electrospray interface (ESI),is increased when the proportion of methanol is higher than the
a quaternary pump, degasser, autosampler, thermostatted cptoportion of water, hence a methanol:water (v/v) ratio of 3:1 and
umn compartment, variable-wavelength UV detector andl25 the minimum volume of acetonitrile used in this work, namely
injection volume. The column used a Zorbax EclipseRP  400ul can be considered as optimal condition for the extraction
150 mmx 4.6 mm, 5um (Agilent Technologies. Palo Alto, CA, of PGE, from plasma samples. The instrumental precision, at
USA) was kept in the column compartment a4 The solvent  both levels of concentration, reported as coefficient of variation
system operated in isocratic mode was acetonitrile with formiavas <3.17% and considered acceptable for the analysis 0§ PGE
acid 0.1% (v/v) and UV detection at 254 nm. Nitrogen was usedrom plasma samples.
as nebulizing and drying gas at 380. The ESI source was oper-
ated in negative ion mode and the ion optics responsible for ge.2. Plasma samples screening
ting the ions in the ion-trap, such as capillary exit, skimmer, lens
and octapoles voltages were controlled by using the Smart View Using the optimised extraction condition described above
option with a resolution of 13,008/z/s (FWHMI/m/z=0.6-0.7). and plasma samples: £ 6) from patients suffering chronic
Complete system control, data acquisition and processing weisflammatory disorders, four positive identifications were made
done using the ChemStation for LC/MSD version 4.2 from Agi-during the LCMS/MS screening step. A representative ion chro-
lent. The transitions monitored wergz 351— 333, 315, 271  matogram of one of the positive-identified samples atid&ls
for PGB, mlz 355— 337, 319, 275 for PGEd,. shown inFig. 2A. Species with identical molecular weights to
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Fig. 2. Representative ion chromatogram (A), superimposed characteristic ion fragments chromatograms at 333, 31&/ar{8)2did MS/MS product ion
spectrum of the PGEanion (C) of pathological levels of PGExtracted from plasma using the optimised protocol outlined in this figure.

[PGE-H]~ are observed in this figure hence a positive iden-not show any differences between them. Thus, the summation
tification is accomplished by comparing the elution time ofof these ions was used for quantitative measurements op PGE
PGE standard dissolved in blank plasma (8.4 min) and those

showed irFig. 2A, by performing coelution experiments to con- 3.3. Extracted standard calibration curves

firm the analyte identity and by extracting the characteristic ion

fragment chromatograms froFig. 2A. The superimposed ion The lower range studied containing P&@-1 ng/ml) and
chromatograms at 333, 315 and i/t extracted fronfig. 2A PGEx>-d4 (0.5 ng/ml) dissolved in plasma, revealed that the lower
and showed ifrig. 2B revealed that the species eluting at 8.4 minlimit of quantification, defined as the lowest concentration anal-
correspond to [PGEH] ™ effectively and that the presence of ysed with acceptable accuracy and precision, corresponding to
structural isomers of PGEsuch as PGR 8-iso PGE, 8-iso-  ten times the standard deviation of the blank plasma and for
15-keto PGE, which could yield identical product ion spectra an injection volume of 2fl was 0.4ng/ml. The calibration
with PGB, can be discarded. Further experiments aiming atraphs for plasma spiked with PGEnd internal standard were
eliminating suspicion of simultaneous elution of PGihd its  linear over the concentration ranges 0.4—1 ng/rAE(.988)
isomers under the conditions used in this work were conductednd 1-50 ng/ml £ =0.988). The analytical characteristics of
by using the extraction and chromatographic protocol reportethese curves determined by unweighted least-squares regres-
by Yang et al[19] who separated successively PGBmitsiso-  sion werey'= —0.147+ 2.879 x [PGE] and y = 0.0012+
mers. The chromatographic results (not shown) resemble thoge081 x [PGE;] for the low and high range, respectively. The
in Fig. 2A but with different retention times (9.7 min for PGE  termy in both equations represents the estimated signal ag PGE
The MS/MS spectrum atthe PGBn chromatogram peak max- to PGE-d4 ratio calculated by using the summation of the
imum (Fig. 2C) revealed that under the experimental conditionscharacteristic fragment peaks of P&S@33 and 315x/7) and
used in this work the abundance of the ions 333 and/8/t5 PGE-ds4 (337 and 319n/z which were also similar in abun-
resulting from the loss of one and two molecules of water, dicdance). The detection limit corresponding to three times the
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Table 1

Summary of the central composite design and precision results at differentd@@&entrations

Instrumental precisiom 3)

Extraction proceduren(=3)

Extraction solvents added sequencex(ll — 1)

0.5ng/ml

30 ng/ml

0.5ng/ml

30 ng/ml

I+11+1

Coefficient of

Coefficient of Average

Coefficient of Average
variation (%)

variation (%)

Coefficient of variation (%) Average

CH3OH:H20 (ul/ratio) Acetonitrile @ul) Total volume (uI) Average

variation (%)

response response

response

response

(icpsx 10°) (icpsx 10%)

(icpsx 10%)

nd

(icpsx 10°)

1.16

0.61

6.76
3.62

14.41

0.63
2.2
0.7
2.67
2.8
0.7
2.57
2.1

2.3

ion count per seconds; Greek superscripts denote homogeneous signal group averages; nd: not detected.

1200
1200
1200
1200
2000
1200
1200
3200
1200

400
400
400
400
1200
400
400
2400

400/1:3

4.35

2.64
nd

400/1:1

400/1:2
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3.17
2.12

3.94
2.61

1.93
0.92

2.66
2.15

3.94
4.22

412
2.50
nd

3.42
3.38
12.83

400/3:1

400/1:1

1.86

0.71

400/3:5

5.61
3.92

3.85
2.64
352

3.01
3.27
3.52

400/2:1

400/1:1

2.20 1.86 3.35 2.56

4.72

400

400/5:3

icps=

Table 2
Determination of PGEin plasma from patients suffering chronic inflammatory
disorders using extracted standard and standard addition calibration curves

Sample Extracted standard curwe=(3)  Standard addition curve € 3)

Mean Coefficient of Mean Coefficient of
(ng/ml) variation (%) (ng/ml) variation (%)
S1 8.060 7.695 8.037 2.212
S2 30.556 2.045 29.580 2.004
S3 dl - - -
(~0.1)
S4 27.824 0.807 28.078 0.161

dl: detection limit.

standard deviation of the blank plasma and for an injection vol-
ume of 25ul was 2.5 pg of PGEon the column.

3.4. Plasma samples quantification

The quantification of the four positive screened samples was
carried out by means of extracted standard calibration curves
and by standard addition curves. The resuleb{e 2 showed
good agreement between both calibration methods. The recov-
ery, estimated according to the 2002 IUPAC recommendations
[30] and by using standard addition curves ranged from 96 to
98%.

4. Conclusions

The extraction procedure for the analysis of B@Eplasma
described in this work and based on the precipitation of the
proteic fraction and further LC ion-trap high order MS detection
of the supernatant has been shown to be a useful approach for
a rapid, simple and efficient screening and quantification of the
analytical prostaglandin in a wide range of concentrations.

The small amount of plasma required coupled with the low
solvents consumption, fast extraction time and rapidity with
which the sample is processed make the present approach highly
suitable for routine analysis and clinical investigations of BGE
in patients suffering from chronic inflammatory disorders.

The experimental design has been a valuable tool for the sys-
tematic variation and simultaneous optimisation of the extrac-
tion solvents used in this work. It is important to highlight the
substantial reduction of time and resources when the central
composite design is manipulated. The optimisation of the three
extraction solvents has resulted in a 40% reduction of the total
number of experiments.
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