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Rationale for the Protocol
Analysis of lipid and especially lipid peroxidation products (LPPs) can be challenging from many
different points of view. Natural lipidomes may be extremely complex with lipids belonging to diverse
group of compounds and different for physico-chemical properties. The high incidence of isomeric and
isobaric compounds, molecules with same molecular weight or very similar molecular weight but
different structure, complicates lipidomics analysis even more. The high dynamic range of lipid
concentration in biological matrices leads to the underestimation of low abundant lipids. Shotgun and
LC–MS based data-dependent acquisition (DDA) methods are the most common techniques used in
untargeted mass spectrometry (MS)-based lipidomics. Shotgun lipidomics is a robust and highthroughput method for lipid analysis. It allows identification and quantification of many lipids in a
short period of time. However, identification on the interpretation of the MS/MS spectra may be very
challenging for isomeric and isobaric species. Liquid chromatography coupled on-line to mass
spectrometry allows high-throughput characterization of lipids, reducing suppression and matrix
effects, increasing peak capacity of the analytical platform, and allowing chromatographic enrichment,
which may help to resolve potential isomers or isobars. Reverse phase liquid chromatography (RPLC)
is particularly suitable for the analysis of lipid peroxidation products as it is possible to separate
isomers and positional isomers and importantly, they can also be separated from isobaric native
species. The protocols have tested for lipidomics of plasma, and on oxidized phospholipids prepared
in vitro by autoxidation.

Protocol
The protocol is shown in diagrammatic form below.
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Sample Preparation
We recommend using the MTBE extraction protocol (Matyash et al., 2008) to extract lipids from
human blood plasma (40 µL). MTBE extracts should be dried in a stream of oxygen-free argon or
nitrogen, and then re-dissolved in methanol (400 µL) prior to the injection.
To prepare oxidized phospholipids, use a mixture of 1-palmitoyl-2-linoleoyl-sn-glycero-3phosphocholine (PAPC; 50 µg) and 1-2-dimiristoyl-sn-glycero-3-phosphocholine (DMPC; 2.2 µg) in
chloroform. The fully saturated DMPC is used as internal standard for relative quantification as it is
resistant to oxidation. Dry the phospholipid solutions under a stream of nitrogen gas in a 2 mL amber
flat bottom vial to form a thin film at the vial bottom; three independent replicates should be used.
The lipid film should then be exposed to air at room temperature for 0, 48 and 72 hours. Longer time
points such as 96 hours are sometimes necessary if the autoxidation process is not temperature
controlled.

RPLC method
The mobile phases are:
Solvent A: ACN: H2O, 50:50, v/v, containing 0.1% formic acid and 5 mmol/L ammonium formate.
Solvent B: 85:10:5, IPA:ACN:H2O, v/v/v, containing 0.1% formic acid and 5 mmol/L ammonium
formate.
Use of a Thermo Scientific™ Ultimate 3000™ UHPLC system is recommended, with the column oven
temperature set to 50°C and a flow rate of 300 μL/min (325 µL/min is also OK). The 5 reverse phase
columns covered by this protocol are shown in Table 1.
Table 1. Five RP columns tested and their physical characteristics
#
1
2
3
4
5

Column Name
Accucore
Hypersil Gold
Accucore
Acclaim
Acclaim

Chemistry
C18
C18
C30
C30
C30

Phase
Solid Core (SC)
Fully Porous (FP)
Solid Core (SC)
Fully Porous (FP)
Fully Porous (FP)

Particle Size
2.6 µm
1.9 µm
2.6 µm
1.9 µm
3.0 µm

Lenght
150 mm
150 mm
150 mm
150 mm
250 mm

Load the lipid samples (5 μL in methanol; with technical triplicates of each sample) onto the chosen
column at 25% Mobile phase B, and elute using the following gradient steps:
•

Ramp from 25% to 86% B (20 min; non-linear slope curve 4)

•

Ramp to 90% (2 min)

•

Ramp to 95% (2 min)

•

Maintain isocratic at 95% (2 min).

Together with an equilibration time of 6 min, the samples can be injected every 32 min.
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MS Analysis
ESI–MS/MS can be carried out on any tandem mass spectrometer that that can analyse in both
positive and negative ion mode, but the protocol was developed on a Thermo Scientific™ Q Exactive™
HF Hybrid Quadrupole-Orbitrap™. If identification of the oxidized phospholipid species by MSn is
additionally required, the method is described in MASSTRPLAN Protocol #3 MSn identification oxidized
lipids.

Data Analysis
For the identification of native and oxidized phospholipids LipidSearch™ 4.1 SP1, LipidHunter and
LPPtiger software can be used.

Expected Results and Example data
Figure 1 shows a comparison of the performance of the 5 columns tested for plasma lipidomics. In
general, Accucore columns (#1 and #3) are more sensitive, have better peak shape and resolution
power, but the Acclaim C30 with small particle size (#4) also performs well. The Hypersil Gold (#2) and
Acclaim C30 with large particle size (#5) are not recommended for plasma lipidomic analysis.
Furthermore, the C30 columns showed better performance for hydrophobic lipids, as a higher number
of identifications was achieved, together with better peak capacity and resolution power.

Figure 1. Spider plot of the average peak capacity (A), signal to noise (B) and chromatographic
resolution (C) using five different columns – SC C18 (black trace), FP C18 (orange trace), SC C30 (green
trace), SP C30 with 1.9 µm (blue trace) and 3.0 µm particle size (violet trace).
The Accucore C18 is better for hydrophilic lipids in plasma as well as for separation of oxidized
phospholipids. Nevertheless, the Accucore C30 also gives very satisfactory performance. Examples of
the chromatographic separation of native and oxidized phosphatidylserine species on the Accucore
C30 are shown in Figure 2, while Figure 3 shows that glycerophosphoethanolamine (PLPE) can be
effectively separated from its glycoxidation products.
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Figure 2. Extracted ion chromatograms (±5 ppm) of 1-palmitoyl-2-linoleoyl-sn-3glycerophosphoserine (PLPS) and its main oxidation products acquired in positive ion mode separated
on an Accucore C30 column.

Figure 3. Extracted ion chromatograms (±5 ppm) of 1-palmitoyl-2-linoleoyl-sn-3glycerophosphoethanolamine (PLPE) and its main glycoxidation products acquired in positive ion
mode separated on an Accucore C30 column.
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