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LC–MS analysis of phospholipids and lysophospholipids
in human bronchoalveolar lavage fluid�
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Abstract

A reversed phase HPLC method was developed for the simultaneous analysis of different phospholipids and lysophospholipids in hu-
man bronchoalveolar lavage fluid (BALF). Separation was achieved using a pellicular C8 column at elevated temperatures with an increasing
gradient of acetonitrile containing 0.1% formic acid. Detection was carried out by electrospray ionization ion-trap mass spectrometry. Calibra-
tion graphs for selected phospholipids (phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and lysophosphatidylcholine)
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howed linearity up to 50 ng allowing quantitative determinations. Identification of the individual species within each class was
ith tandem mass spectrometry. Analysis of BALF phospholipids was performed after liquid/liquid extraction with a mixture of

orm/methanol/acetic acid. Recoveries ranged from 69 to 97% with standard deviations of less than 6%. The limit of detection vari
etween different classes but was in the range 0.05–0.25 ng total injected amount.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Pulmonary surfactant is an essential fluid produced by
lveolar type II cells, covering the entire surface of the lungs

1]. It consists of a complex mixture of lipids (about 90%)
nd specific surfactant-associated proteins (10%). Of the

ipids 80–90% are phospholipids (PLs) and 10–20% con-
ist of cholesterol, triglycerides and free fatty acids. The
rincipal phospholipids are phosphatidylcholine (PC) species
aproximately 85%) containing high amounts of saturated

� Presented at the Biomarker Discovery Symposium, Rotterdam, The
etherlands, May 14, 2004.
Abbreviations: CID, collision induced dissociation; TIC, total

on chromatogram; EIC, extracted ion chromatogram; LC–MS, liquid
hromatography–mass spectrometry; COPD, chronic obstructive pulmonary
isease; BAL, bronchoalveolar lavage; BALF, bronchoalveolar lavage
uid; PL, phospholipid; LPL, lysophospholipid; PC, phosphatidylcholine;
E, phosphatidylethanolamine; PG, phosphatidylglycerol; LPC, lysophos-
hatidylcholine
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palmitic acid (C16:0) and phosphatidylglycerol (PG). O
phospholipids usually found in small amounts are p
phatidylethanolamine (PE), phosphatidylserine (PS),
phosphatidylinositol (PI)[2].

The most important role of surfactant is to decrease
surface tension at the air–liquid interface and, therefor
reduce the tendency of alveoli to collapse during expira
It also contributes to the regulation of airway fluid balan
improves bronchial clearance and sets up a barrier to in
agents. Apart from this biophysical function, surfactant is
volved in immunomodulation[3]. Biochemical and biophy
ical surfactant abnormalities have been found in various
diseases such as acute respiratory distress syndrome (A
pneumonia and lung edema.

In our research we are interested in disease process
volving chronic lung inflammation, such as chronic obst
tive pulmonary disease (COPD) and Bronchiolitis Obliter
(BO). A decrease in the total amount of phospholipids, w
has been observed in patients with chronic lung inflam
tion [4], is known to enhance injury by elastase secreted
neutrophils and to induce collapse of bronchioles[5].
570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2004.07.044
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Moreover, lysophospholipids (LPs), derived from the
action of phospholipases, are involved in signalling
mechanisms and inflammatory pathways[6]. Therefore, the
surfactant system may be implicated in the underlying patho-
physiology of lung inflammation. Hence, determination of
these biomolecules in BALF may clarify the role of surfactant
in chronic inflammation and provide access to novel disease
biomarkers.

The aim of this work was to develop an analytical method
for the quantitative determination of different phospholipids
in human bronchoalveolar lavage fluid (BALF) with special
emphasis on the ratio of phospholipids/lysophospholipids.

Several methods have been utilized to analyse phospho-
lipids, many of them requiring the use of derivatization[7].
Initially thin layer chromatography was routinely employed
for the separation of different phospholipid classes, however,
real identification required further hydrolysis and HPLC or
GC analysis making the method laborious and time consum-
ing[8]. GC–MS has been a robust technique used in many lab-
oratories for lipid analysis. Phospholipids are not amenable
to direct GC due to their lack of volatility. Therefore, hydrol-
ysis is required followed by trans-methylation of the released
fatty acids and measurement of the corresponding methyl es-
ters[9]. Unfortunately, this leads to the loss of information
about the attachment site of the fatty acids.

Liquid chromatographic methods became a better alterna-
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1,2-Diheptadecanoyl-sn-glycero-3-phosphoethanolamine
(PE-C17:0/C17:0), 1,2-diheptadecanoyl-sn-glycero-3-phos-
phocholine (PC-C17:0/C17:0), 1,2-diheptadecanoyl-sn-gly-
cero-3-phosphate (Na+ salt) (PG-C17:0/C17:0) and 1,2-dih-
eptadecanoyl-sn-glycero-3-[phospho-rac-(1-glycerol)] (Na+
salt) (PA-C17:0/C17:0) were obtained from Avanti Polar
Lipids (Instruchemie, Delfzijl, The Netherlands).

l-�-Lysophosphatidylcholine, heptadecanoyl (LPC-
C17:0) andl-�-lysophosphatidylcholine, palmitoyl (LPC-
C16:0) were purchased from Sigma (Zwijndrecht, The
Netherlands).

Bronchoalveolar lavage fluid (BALF) supernatant samples
were obtained from the Groningen Academic Hospital from
patients who underwent bronchoscopy due to different types
of lung disease. BAL was performed by instillation of a saline
solution. The lavage fluid was centrifuged and the supernatant
stored at−80◦C until use.

2.2. High performance liquid chromatography/mass
spectrometry

The HPLC part of the analytical system consisted of an
Agilent Series 1100 capillary LC system (Waldbronn, Ger-
many) comprising a degasser, a binary pump, a thermostatted
autosampler and a thermostatted column compartment. Chro-
matographic separation took place on a reversed-phase col-
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ive offering higher selectivity. Normal phase HPLC has b
ore extensively used than reversed phase for the sepa
f phospholipids into different classes[10]. UV absorbanc

11], fluorescence[12], refractive index[13] and evaporativ
ight scattering[14,15]detection have been common way
etection, with the corresponding limitations regarding
itivity and/or lack of identification.

In the last years, the use of mass spectrometry in pho
ipid analysis has become more widespread providing s
ural information. Matrix assisted laser desorption ioniza
MALDI) [16] as well as electrospray ionization (ESI)[17]
re currently used approaches. Also NMR has found its a
ation in the analysis of phospholipids[18] but its sensitivity
s considerably lower than MS.

Here we report the use of reversed phase liquid chrom
aphy coupled to ESI mass spectrometry for the direct a
is of underivatized phospholipids and lysophospholipid
uman BALF using common mobile phases without the
essity for special additives or derivatizations. This sh
rove useful in studying the role of PLs and LPLs in chro

ung inflammation.

. Experimental

.1. Chemicals

Formic acid, chloroform, methanol, acetonitrile, dimet
ulfoxide (DMSO) and acetic acid (glacial) were obtai
rom Merck (Darmstadt, Germany).
mn (Poroshell 300SB-C8, 5�m, 1 mm i.d.× 75 mm length
Agilent, Waldbronn, Germany).

Mobile phase A consisted of 0.1% formic acid in ult
ure water. Mobile phase B was 0.1% formic acid in a

onitrile. Separation was performed with an increasing
ient of B (25–95% in 50 min). Flow rate employed w
0�l/min and the column temperature was 60◦C. The ana

ytes were detected by an Agilent SL ion-trap mass spect
ter equipped with an electrospray ionization (ESI) so
perated in the positive mode. MS data were acquired o
can range of 100–1200 amu and 5500m/zper second sca
ate.

.3. BALF sample preparation

Extraction of lipids from biological material is com
only done following two different methods described
olch et al.[19] and Bligh and Dyer[20]. Both method
re based on liquid/liquid extractions using mixtures
hloroform/methanol/water in different ratios. In our ca
olch’s method provided higher recoveries and therefo
as chosen.
The final extraction protocol was as follows: 1.5 ml o

ixture of chloroform/methanol/50 mM acetic acid 8/4/
v/v/v) was mixed with 0.5 ml of BALF supernatant a
anually shaken for 2 min. The mixture was centrifu

or 5 min at 1500 g, and the organic layer separated.
queous phase was extracted again and both organic e
ere pooled together and evaporated to dryness un
tream of nitrogen. The residue was reconstituted in 5�l
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of DMSO by ultrasonication and vortex mixing. 5�l were
injected in the HPLC/MS system.

Glassware was used throughout the whole sample prepa-
ration procedure.

3. Results and discussion

Initial experiments focused on optimizing the separation
of the different phospholipid classes using a Zorbax C18 col-
umn (3.5�m, 0.5 mm i.d.× 150 mm length; 25◦C) with a
gradient of acetonitrile in 0.1% aqueous formic acid. While
this method showed good separation of lysophospholipids
(data not shown), very broad peaks were obtained for di-
acylphosphatidylcholines (Fig. 1) with extensive tailing. In
addition no separation between the different phospholipid
species due to interaction of the phospholipid headgroups
with the stationary phase was obtained. Evaluation of differ-
ent mobile phase compositions (acetonitrile, methanol, acetic
acid, etc.) did not give satisfactory results.

Significantly better chromatographic performance was ob-
tained through the use of a “pellicular” C8 column (Poroshell
SB-C8). Poroshell particles are 5�m in diameter with a rigid
core and a 300̊A porous surface coating of microspherical
particles. Due to the thin surface coating, molecules diffuse
through a short porous layer and can not penetrate the core,
p flow
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[
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a
p , 40
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F
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Fig. 2. Total ion chromatogarm (TIC) and extracted ion chromatograms
(EIC) corresponding to the different synthetic phospholipids and lysophos-
pholipid used as internal standards. Injected amounts: 15 ng (PC, PE and
PG) and 5 ng (LPC).

higher temperatures, probably due to a better solubility of the
lipids. Finally 60◦C was chosen after checking during 18 h
that no degradation of the analytes occurred.

Four phospholipids PC-C17:0/C17:0, PE-C17:0/C17:0
PG-C17:0/C17:0 and PA-C17:0/C17:0 and one lysophospho-
lipid LPC-C17:0 were selected as representative of the most
common phospholipids detected in BALF[23,24]. Since
C17:0 is not a fatty acid present in BALF these compounds
can be used as internal standards.

Injection of a mixture of the five standards showed that
separation of the different PL classes was possible (Fig. 2),
but as expected, PA was not detected with positive ESI. It
is interesting to note that in the case of LPC, there are two
separated chromatographic peaks with exactly the same mass
(isomers). This is most likely due to the different position of
the fatty acid chain in sn-1 or sn-2 of the glycerol group.
Using isomerically pure standards it was established that the
peak with the shorter retention time corresponds to the isomer
containing the fatty acid in position sn-2 while the other iso-
mer (sn-1) elutes later. Since the LPC-C17:0 standard was not
pure, both isomers were considered together for quantitative
purposes.

Increase of the pH of the mobile phase to 5.0 (using am-
monium acetate 50 mM instead of formic acid) and use of the
same gradient but with negative ESI allowed good separation
and detection of the 4 PLs including PA (Fig. 3), however sen-
s sur-
i fact
t use
l PA.

3

nal-
y to
roviding fast mass transfer and allowing the use of high
ates[21]. Increased flow rates increase the gradient vol
esulting in increased resolution and in short analysis t
22].

The increased stability of the Poroshell material all
lso to work at elevated temperatures up to 90◦C. Performing
hospholipid separations at different temperatures (30
nd 60◦C) showed that peak shape and width improved

ig. 1. (A) Chromatogram obtained from the injection of 5�l of BALF
after liquid/liquid extraction and preconcentration of 1 ml) in a rever
hase C18 column eluted with a 1%/min increasing gradient of aceto
ontaining 0.1% formic acid. Temperature: 25◦C. Extracted are the ion
orresponding to different PC species: (B) C16:0/C14:0 PC (m/z706.6), (C)
16:0/C16:0 PC (m/z734.6) and (D) C16:0/C18:1 PC (m/z760.6).
itivity was much lower. Considering our interest in mea
ng the ratio of phospholipids/lysophospholipids and the
hat PC is the most abundant PL in BALF, we decided to
ow pH and positive ESI compromising the detection of

.1. Calibration graphs

Although some authors have reported quantitative a
sis of phospholipids by flow injection directly coupled
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Fig. 3. Separation of a mixture of PC, PG, PE and PA C17:0 standards (25 ng
of each compound injected) with detection by negative ESI (mobile phase
pH 5.0, ammonium acetate 50 mM).

MS[25], chromatographic separation is required to avoid ion
suppression effects from highly abundant species and ma-
trix components. To assess the linear range of the LC–MS
method, calibration graphs were first obtained for standard
PC, PE, PG and LPC containing C17:0, in phosphate buffered
saline solution (0.01 M, pH 7.4). Working standard solu-
tions of the diacylphospholipids were prepared by dissolu-
tion of the dry powder in chloroform to a final concentra-
tion of 5 mg/ml. Further dilutions were made with DMSO.
Lysophospholipid standards were dissolved directly in ultra-
pure water.

Calibration graphs (peak area versus total amount of PL
injected in the column) were linear up to 25 ng (PC and PE),
50 ng (PG) and 150 ng (LPC). The following equations were
obtained:y = 5 × 106x + 3 × 106 for PC (r2 = 0.9984),y =
3 × 106x + 9.6× 105 for PE (r2 = 0.9982),y = 3 × 106x +
1.5× 105 for PG (r2 = 0.9989) andy = 2 × 106x + 2 × 106

for LPC (r2 = 0.9959).
In order to check the applicability to real samples, BALF

was spiked with the standard solutions and the calibration
checked again. The same linear ranges were confirmed with
regression coefficientsr2 > 0.993. Limits of detection were
calculated as the minimum injected amount which gave a
response in the detector higher than 3 times the signal/noise

T
R n BALF

P %Re

P 97.1
P 74.3
P 80.6
L 67.3

Fig. 4. TIC chromatograms corresponding to the injection of 5�l of extract
of BALF samples from three different Bronchiolitis Obliterans patients.

ratio, using the corresponding extracted ion chromatograms.
The limits of detection found were: 0.05 ng (PC), 0.10 ng
(PE), 0.15 ng (PG) and 0.25 ng (LPC).

3.2. Recoveries

Recoveries of the liquid/liquid extraction procedure were
calculated by spiking known amounts of C17:0 PL and LPC
standards (points chosen on the lower (1 ng), medium (20 ng)
and higher (40 ng) level of the calibration graphs) in BALF.
Since these fatty acids (C17:0) do not occur in BALF, the
amount of endogenous phospholipids does not have to be con-
sidered. Highest recoveries were obtained for PC and lowest
for LPC. InTable 1the different values are collected together
with the percentage of variation.

The same liquid/liquid extraction procedure but without
addition of acetic acid increased the recovery of LPC to 96%,
however the recovery of the diacylphospholipids decreased
dramatically. In order to use the same sample preparation
procedure, a slightly lower extraction yield for LPC was ac-
cepted, since reproducibility of the recovery was satisfactory
(see below).

Precision and reproducibility of the whole procedure were
evaluated in a similar way by spiking two different amounts
of a mixture of all the internal standards (5 and 25 ng) and
able 1
ecovery of different synthetic phospholipids and lysophospholipids i

hospholipid %Recovery 1 ng spiked (n = 3)

C-C17:0/C17:0 95.6± 3.5
E-C17:0/C17:0 69.3± 4.5
G-C17:0/C17:0 75.0± 4.3
PC-C17:0 64.6± 4.1
covery 20 ng spiked (n = 3) %Recovery 40 ng spiked (n = 3)

± 2.7 93.3± 4.0
± 4.1 73.0± 3.1
± 3.5 77.0± 5.2
± 5.6 65.0± 4.6
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Fig. 5. EIC chromatograms corresponding to the most abundant PC species
detected in BALF from a Bronchiolitis Obliterans patient (seeTable 2for
relative amounts).

repeating the analysis 5 times. Precision (in terms of %
R.S.D.) was better than 6% in every case.

3.3. BALF samples

Application of the method to BALF samples obtained
from 3 different Bronchiolitis Obliterans patients showed
similar overall chromatographic profiles (Fig. 4). The most
abundant phospholipids and lysophospholipids detected be-
long to the phosphatidylcholine class. Detection of the dif-
ferent species within each class is possible by extract-
ing the corresponding ion chromatograms (EIC). InFig. 5
the EICs of the main PCs found in these samples are
displayed: PC-C16:0/C14:0 (m/z 706.1), PC-C16:0/C16:1
(m/z732.2), PC-C16:0/C16:0 (m/z734.2), PC-C16:1/C18:1
or C16:0/C18:2 (m/z 758.2), PC C16:0/C18:1 (m/z 760.4)
and PC-C18:0/C18:2 or C18:1/C18:1 (m/z786.2) with PC-
C16:0/C16:0 being the most abundant. Some other species
(such as PC-C18:1/C18:2) were also detected in lower
concentration, although to simplify the picture they are not
displayed.Table 2shows the relative abundance of the ma-

Table 2
Distribution of the different major PC species found in BALF relative to the total amount of PC for three different Bronchiolitis Obliterans patients

Patient 1 (%) Patient 2 (%) Patient 3 (%)

m .2 13.9 9.5
m .9 20.6 18.3
m .9 36.9 31.2
m 4.8 11.8 17.6
m .2 16.8 23.4

Fig. 6. MS/MS spectrum of the [M + H]+ ion (A) and [M + Na]+ ion (B) of
PC-C18:1/C16:0 (m/z760.4 and 782.4, respectively). In both cases the loss
of triethylamine (M+-59) and phosphocholine (M+-183) is detectable.

jor phosphatidylcholine species for 3 different Bronchiolitis
Obliterans patients.

Their mass spectra show a single intense ion correspond-
ing to the protonated form [M + H]+ with a very small con-
tribution of the sodiated adduct [M + Na]+. CID of the proto-
nated diacylglycerophosphatidylcholines (Fig. 6A) produced
very low intensity fragment ions, while their corresponding
sodiated ions (Fig. 6B) fragmented easier producing mainly
the [M + Na-59]+ and [M + Na-183]+ fragment ions corre-
sponding to the loss of trimethylamine and phosphocholine,
respectively. This different behavior may be due to stabiliza-
tion of the phosphate group by the influence of the sodium
ion [26].
/z706.6 PC C16:0/C14:0 16
/z732.6 PC C16:0/C16:1 22
/z734.6 PC C16:0/C16:0 29
/z758.6 PC C16:1/C18:1 or PC C16:0/C18:2 1
/z760.6 PC C16:0/C18:1 16
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Fig. 7. EIC chromatograms corresponding to different LysoPC species de-
tected in BALF from a Bronchiolitis Obliterans patient.

Regarding LPC, inFig. 7the extracted ion chromatograms
corresponding to several species found in BALF are pre-
sented. The most abundant LPC is LPC-C16:0 (m/z496.4
for the protonated form) but LPC-C14:0 (m/z468.4), LPC-
C18:1 (m/z 522.4) and LPC-C18:0 (m/z 524.4) can be
observed as well. Their mass spectra show a single peak (the
protonated molecular ion) in all the cases, uncomplicated by
further fragmentation due to the low energy of electrospray
ionization. These compounds were further characterized by
subjecting each ion to CID. As examples,Fig. 8 shows the
MS/MS spectra corresponding to C16:0-LPC (m/z496.4) and

F
( pho-
c

Table 3
Ratio PC/LPC in three different Bronchiolits Obliterans patients calculated
from the total PC containing the fatty acids C14:0, C16:0 and C18:1

PC/LPC ratios Patient 1 Patient 2 Patient 3

C14:0 195.7 1114.8 447
C16:0 81.7 268.4 146.5
C18:0 234.5 2854.5 642.1

C18:1-LPC (m/z522.4). As observed, the fragmentation pro-
duced is always the same: loss of water (generating the ion
atm/z478.4 in the case of C16:0-LPC andm/z504.4 in the
case of C18:1-LPC) and loss of the polar head group (phos-
phocholine) which retains the charge and gives the typical
m/z184 ion. LPC standards were also checked by MS/MS to
confirm the assignments.

Phosphatidylglycerol species: PG-C16:0/18:1, PG-
C16:0/18:2, and PG-C18:1/18:1 were detected in much
lower amounts. The MS spectra of these phospholipids do not
show an intense peak corresponding to [M + H]+. The main
peak is a product ion due to the loss of the phosphoglycerol
group (m/z = 171), (e.g.m/z = 580 for PG C17:0/C17:0)
due to in-source fragmentation. Phosphatidylethanolamines
were not detected in any of the BALF samples. If present,
they must be at concentrations below 2 ng/ml in original
BALF. MS2 of the standard PE-C17:0/C17:0 exhibited the
same behavior as PC with loss of the phosphoethanolamine
group (m/z = 141). Cholesterol was detected eluting at a
retention time between lysophospholipids and phospholipids
(seeFig. 4). In this case, the [M + H-H2O]+ (m/z369.4) ion
was observed.

Application of the method to the analysis of BALF sam-
ples allowed calculation of the relative concentrations of PCs
and LPCs. InTable 3these ratios are calculated for 3 dif-
ferent Bronchiolitis Obliterans patients. Due to the low and
v e big
v

F
s on of
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t injec-
t The
s aks,
m s PG
d d to
e d to
c n re-
c have
u arker
o l
c ELF.
T urea
ig. 8. MS/MS spectrum corresponding to (A) LPC-C16:0 (m/z496.4) and
B) LPC-C18:1 (m/z522.4) showing the release of water and the phos
holine moiety (m/z184.1).
arying amounts of LPC found in these samples there ar
ariations in the PC/LPC ratios.

At the same time a major difficulty in analyzing BAL
amples became apparent: variation in the concentrati
ALF between different patients. Although this problem
e partially overcome by calculating relative phosphol
atios, it is still problematic from a practical point of vie
n some cases processing of 0.5 ml BALF produced fina
racts with too high concentrations of PCs, thus overl
ng the analytical column. In that case some carry-ove
he most abundant species was detected and a blank
ion of DMSO was run between consecutive samples.
ame amount of BALF in other cases gave very small pe
aking the detection of low abundant classes such a
ifficult. Therefore, a normalization procedure is neede
stimate the concentration of BALF prior to analysis an
ompensate for the different amounts of saline solutio
overed during the washing procedure. Some authors
sed the amount of urea in BALF as an endogenous m
f epithelial lining fluid (ELF) dilution[27]. The origina
oncentration of urea is the same in serum and in
herefore, the ratio between BALF-urea and serum-
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gives an estimation of the dilution of the original volume
of ELF by BALF saline. We will investigate whether this ap-
proach can be used for normalization prior to performing the
analyses.

4. Conclusions

We have developed a new method to separate and quan-
tify the main phospholipid species present in BALF in a sin-
gle run. Qualitative analysis of BALF lipids has been pre-
viously performed by MALDI-TOF-MS and TLC[23] but
these methodologies can only give a semiquantitative indica-
tion of BALF composition.

Quantitation of BALF phospholipids has been initially
done by measuring the total lipid phosphorus[28], which
does not differentiate between the different classes. In this
method, the lipids are extracted using chloroform/methanol,
and the organic material in the extract is degraded to in-
organic phosphate with perchloric acid. Phosphate con-
centration is then determined by formation of a molyb-
denum blue complex, and quantified from the absorbance
at 830 nm compared with dimyristoyl phosphatidylcholine
(PC14:0/14:0) and dipotassium hydrogen orthophosphate
standards.

This simple methodology has been sometimes comple-
m sis
o f
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a ion-
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f stead
o neral
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ysis, although some PLs and especially LPCs are recov-
ered at only about 70%. Limits of detection varied be-
tween 0.05 and 0.25 ng, but improvements are possible us-
ing small diameter columns. This appears not to be neces-
sary for quantitation of the major PL and LPC species in
BALF.

The main phospholipid and lysophospholipid species we
detected in human BALF were phosphatidylcholine deriva-
tives containing C16 and C18 (saturated and unsaturated)
fatty acids as previously reported by other authors. Our
method has been shown to be applicable to their quantita-
tive analysis using as internal standards the corresponding
synthetic phospholipids with C17:0 fatty acids without any
derivatization.

LPC was not detected in all BALF samples analysed and in
the case of PC, variations in the relative concentrations of the
different species between different patients were observed.
Whether this can be correlated to disease progression is still
under study.

In the future, the method will be applied to longitudinal
studies of BALF samples obtained from patients suffering
from diseases involving chronic lung inflammation such as
chronic obstructive pulmonary disease (COPD) and Bronchi-
olitis Obliterans (BO). The focus will be to find variations in
the distribution of different species as well as to quantify the
ratio of phospholipids to lysophospholipids and to correlate
t r clin-
i nosis
o

A

ase
U ng
t ing
t
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ed.

, D.
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03)

Anal.

465

[
[

ented with direct infusion-ESI MS for the further analy
f the different molecular species[29,30]. Concentrations o

ndividual phospholipid species within a phospholipid c
PC, PG, PI) are calculated from their ion currents rela
o those of the relevant internal standards, after corre
or the contribution from the13C isotope effects. Phosph
ipid class concentrations are calculated from the sum of
espective individual species and expressed relative to
ther. However, there are several uncertainties concernin
eliability of quantitation using this procedure. Matrix effe
s well as the influence of the different PL classes on the

zation of each other (e.g. suppression) can lead to disto
f the obtained results.

More advanced methods have used chromatographic
ration before quantitation with different types of detec
rinciples, however only the use of MS can identify the s
rated species. Only one paper has so far reported the

itative analysis of different phospholipids in rabbit BA
y LC–MS[31]. Using normal phase HPLC/MS the auth
uantify the total contribution of all the species inside
lass. Our method goes further since we can measure th
erent species within each class. The use of reversed in
f normal phase provides also superior resolution. Ge
roblems encountered in reversed phase separations of
holipids such as excessive tailing are minimized thro

he use of a “pellicular” packing material at elevated tem
tures without addition of special ion-pairing reagents to
obile phase.
Recoveries obtained after liquid/liquid extraction are

roducible, which is important for the quantitative an
-

-

hese values to disease progression measured by othe
cal parameters. This may provide access to early diag
f disease with improved possibilities for therapy.
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